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DIPHTHERIA    CARRIERS. 

Biing  a  Paper  read  in  the  Section  of  Bacteriology  at  the  Annual  Meeting 
of  the  British  Medical  Association,  London,  Jidy,  1910. 

By  Joseph  A.  Arkwright,  M.DCaDtab,, 

Lister  Institute,  London. 


Before  the  specific  bacillus  was  discovered  it  was  recog 
nized  clinically  that  persons  who  had  not  themselves 
suffered  from  recognizable  diphtheria,  but  who  had 
recently  recovered  from  a  sore  throat,  were  liable  to  give 
diphtheria  to  others.  The  occurrence  of  the  Bacillus 
diphtheriae  in  the  fauces  of  patients  three  to  fourteen  days 
after  the  disappearance  of  the  membrane  was  described  by 
Koux  and  Yersin  in  1888 ;  and  Loeffler  reported  in  1890 
a  case  in  which  bacilli  able  to  cause  the  disease,  were 
found  in  the  fauces  of  a  patient  three  weeks  after  apparent 
recovery.  Since  that  time  numerous  observers  have 
recorded  the  persistence  of  the  bacillus  and  its  continued 
virulence  for  long  periods  after  all  local  naked-eye  sym- 
ptoms of  the  disease  have  passed  away.  In  fact,  this 
phenomenon  has  become  one  of  the  best  known  facts  of 
bacteriology,  which  are  of  practical  everyday  interest,  and 
at  the  same  time  one  of  the  chief  bugbears  of  general 
practitioners  and  medical  of&cers  of  health.  Moreover,  it 
is  not  only  during  convalescence  from  diphtheria,  and  after 
slight  attacks  of  sore  throat,  that  the  bacillus  may  be 
present,  but  also  after  contact  or  association  with  diph- 
theria patients,  bo^h  adults  and  children  are  liable  to 
harbour  the  bacillus  in  their  fauces,  even  when  no  local  or 
constitutional  disorder  of  any  kind  has  been  noticed. 

There  are  thus  two  classes  of  healthy  carriers  of 
the  diphtheria  bacillus.  First,  "convalescents"  who  have 
had  the  disease  and  have  retained  the  bacillus  after 
apparent  return  to  health;  and  secondly,  "contacts,"  who 
have  never  had  the  disease  at  all  as  far  as  can  be 
discovered,  but  who  have  at  some  time  been  in  contact 
with  a  case  of  diphtheria  or  another  "  contact."  To  these 
two  groups  must  be  added  a  third  group  of  carriers,  con- 
sisting of  those  persons  who  are  suffering  from  the  disease 
in  a  chronic  form  without  constitutional  symptoms.  These 
latter  are  very  important  as  regards  the  spread  of  the 
disease.  In  some  cases  the  chronic  form  appears  to  have 
existed  in  a  patient  for  years,  though  it  cannot  be  stated 
that  no  intermission  has  occurred  during  that  time.     For 

[570/10] 


instance,  one  may  cite  the  case  of  a  nursemaid  recorded  by 

E.  Neisser,  who  thought  it  probable  that  she  had  had  the 

-/  disease  on  and  off  for  fourteen  yeare.     Cases  of  membranous 

or  fibrinous  rhinitis  due  to  the  diphtheria  bacillus  are  best 
included  in  this  group;  some  of  these  cases  last  for  at 
least  two  or  three  years. 

The  large  majority  of  healthy  carriers  of  both  the 
convalescent  and  contact  classes  soon  lose  the  bacilli. 
Probably  about  half  the  convalescents  are  free  by  the  time 
that  the  local  exadation  on  the  fauces  has  disappeared. 
Welch,  Prip,  and  Gluckaam  quote  large  numbers  of  cases 
which  support  this  statement. 

Welch  examined  752  cases,  and  of  these  427  only  retained  the 
bacillus  after  the  disappearance  of  the  membrane.  One  week 
after  disappearance  of  membrane  47  per  cent,  of  the  427  were 
atiil  infected  ;  one  month  after,  2,5  per  cent,  were  still  infected. 

Prip  examined  654  patients  in  hospital,  of  whom  345  retained 
the  bacillus  after  disappearance  of  membrane:  38  per  cent,  for 
ten  days  from  this  date  ;  16.5  per  cent,  for  thirty  days  from  the 
same  date  ;  2  per  cent,  for  tvvo  months  ;  0.65  per  cent,  for  three 
months. 

Prip  also  examined  60  discharged  patients.  One  month  after 
discharge  20,  or  33  per  cent.,  retained  the  bacillus  ;  after  two 
months  11,  or  18  per  cent. ;  after  three  months  5,  or  10  per  cent. ; 
and  after  twenty-two  months  1  person  still  retained  the  bacillus. 

Glucksam  examined  484  convalescents,  of  whom  267  still  had 
the  bacillus  in  the  fauces.  Of  these  267,  17,  or  8  per  cent.,  still 
retained  the  bacillus  seven  days  later,  and  4,  or  1.5  per  cent., 
four  weeks  later. 

Scheller  examined  389  convalescents.  Of  these,  264,  or  77  per 
cent.,  still  retained  the  bacillns  after  eleven  days  ;  62,  or  18  per 
per  cent.,  after  thirty-one  days  ;  18,  or  5  per  cent.,  after  sixty- 
one  days;  and  8,  or  2  per  cent.,  after  ninety  days. 

Drigalski  examined  infected  schools,  and  found  218  contacts 
to  be  carriers.  Of  these,  8,  or  4  per  cent.,  retained  the  bacillus  for 
over  three   weeks  ;  and  1,    or  0.5  per  cent.,    for    over    thr« 
months. 

Tyaden,  in  1,338  cases  which  he  examined  from  the  onset  or 
early  in  the  disease,  found  the  bacillus  still  present  after  one 
month  in  16.4  per  cent.,  after  two  months  in  0.26  per  cent.,  and 
after  three  months  in  0.05  per  cent. 

Graham- Smith  collected  records  of  9,080  cases  examined, 
and  calculates  that  the  bacillus  is  still  present  after  one  month 
in  19  per  cent.,  after  two  months  in  7  2  per  cent.,  after  three 
months  in  2  per  cent.,  and  over  200  days  in  0.02  per  cent. 

Most  of  these  figures  it  will  be  observed  do  not  repre 
sent  the  proportion  of  cases  of  diphtheria  which  retain  the 
bacillus  for  the  various  periods  of  time,  but  the  per 
centage  of  convalescents  who  continue  to  carry,  and  as 
only  rather  over  half  the  diphtheria  patients  still  retain 
the  bacillus  into  convalescence,  the  percentages  for  the 
retention  of  B.  diphtheriae  for  the  whole  number  of  patients 
would  be  about  half  those  given  for  convalescents. 

Taking  the  figures  as  a  whole  it  appears  that  about 
one  half  of  the  diphtheria  patients  are  free  from  diphtheria 
bacilli  within  two  or  three  days  of  the  disappearance  of  the 
membrane,  and  of  the  remainder  probably  50  per  cent,  are 
free  in  another  week  or  ten  dajs. 

At  the  end  of  a  month  from  the  disappearance  of  the 
exudation  only  16  to  19  per  cent,  retain  the  bacillus,  after 
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two  monthtt  only  5  to  7  p^r  cent.,  and  after  three  mcntbs 
at  most  1  to  2  per  cent.  Thebe  last,  the  1  to  2  per  cent, 
who  retain  the  bacillus  after  three  months  from  convalts- 
cence,  constitute  what  may  be  called  the  chronic  carriers, 
though  the  evirience  does  not  point  to  their  beinj^  perpetual 
carriers  as  in  the  case  of  typhoid  carriers,  for  only  a  very 
small  percentage  of  healthy  carriers  carry  for  six  months, 
as  far  as  is  known.  Graham- Smith's  figures  f^how  that 
only  0  02  per  cent,  carried  for  more  than  two  hundred  days. 

Prip  recorded  a  ci^e  of  a  virulent  B  diphtheriae  being 
still  found  after  more  than  three  hundred  days,  and  of  a 
B.  diphtheriae  as  recognized  by  its  morphology  only  after 
four  years. 

On  the  other  hand,  casep  of  chronic  diphtheria  chiefly 
constitute  the  group  of  carriers  who  retain  the  bacillus  for 
an  indefinite  period. 

The  persistence  of  the  bacillus  in  contacts  is  much  the 
same  as  in  carriers  Probably  the  contacts  do  not  retain 
the  bacilinc  for  po  long  (Kober  ard  Gluck'-am) 

I  found  in  one  infected  school  (Arkwright,  1908)  118  carriers 
out  of  551  contacts  examined,  or  21  per  cent. 

Fourteen  days  later,  of  91  examine<^,  23,  or  19  5  per  cent.. 

were  carriers. 
Twenty-eight  days  later,  of  31  examined,  10,  or  8  5  per  cent., 

were  carriers. 
Six  weeks  later,  of  11  examined,  8,  or  6.8  per  cent.,  were 

carriers. 
Eight  weeks  later,  of  9  examined,  7,  or  6.0  per  cent.,  were 
carriers. 
In  another  school  examined  more  recently,  two  swabbings  of 
the  whole  school  (145)  showed  10  carriers.     All  the  strains  were 
virulent. 

In  one  case  tbe  bacillus  persisted  till  the  patient  ceased  to 
send  swabs — three  weeks.  One  ceased  to  carry  in  three  weeks. 
One  ceased  to  carry  in  six  weeks.  One  ceased  after  eighty-five 
days. 

The  percentage  of  healthy  carriers  among  those  who 
have  recently  come  into  contact  with  cases  of  diphtheria 
varies  very  much  according  to  circumstances,  such  as  the 
closeness  of  contact  and  the  habits  and  social  position  of 
the  population  examined  (cf.  Pennineton).  It  has  some- 
times happened  that  as  many  as  20  per  cent,  of  the 
children  in  an  infected  school  have  been  found  to 
harbour  B.  diphtheriae^  and  Scheller  found  in  several 
families  in  which  the  members  were  repeatedly  examined, 
that  every  member  became  infected  sooner  or  later.  On 
the  other  hand,  in  communities  where  diphtheria  has  not 
occurred  for  some  time  the  percentage  of  carriers  varies 
from  2.5  to  1  per  cent.,  or  in  some  series  of  examinations  to 
zero — for  example,  Ustvedt  in  certain  isolated  schools  in 
Norway  (86  children),  and  Scheller.  The  percentage  of 
virulent  B.  diphtheriae  in  non- contact  communities  is 
very  small,  say,  0  04  per  cent.  (Graham-Smith). 

Little  is  known  of  the  cause  of  persistence  of  the 
bacillus.  Some  observers  have  pointed  out  that  enlarged 
tonsils  favour  prolonged  retention  of  the  B.  diphtheriae. 
Meikle,  who  methodically  examined  a  large  number  of 
diphtheria  convalescents,  states  that  out  of  27  persistent 
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carriers  22  had  enlarged  tonsils.  The  B.  diphtheriae  has 
been  found  in  the  antram,  sphenoidal  and  frontal  sinuses, 
and  middle  ear  (Wolff  and  Councilman,  Mallory  and 
Pearce) 

Nose. — The  figures  given  above  have  referred  only  to 
observations  made  by  takicg  swabs  from  the  fauces.  The 
nose  has  been  less  frequently  examined.  Except  in  caset 
where  there  is  nasal  discharge,  the  number  of  carriers  in 
whom  the  B.  diphtheriae  is  confined  to  the  nose  is  probably 
small  But  Graham- Smith  collected  records  of  5,826 
persons  examined,  amongst  whom  2  33  per  cent,  were 
found  to  have  B.  diphtheriae  present  in  the  nose  only. 
Pugh  found  B  diphthertae  in  the  nose  of  23  out  of  41'^ 
scarlet  fever  patients ;  3  of  these  strains  were  tested  for 
virulence,  and  found  to  be  non- virulent.  There  is  greater 
liability  to  confuse  diphtheria-like  bacilli  from  the  nose 
with  B.  diphtheriae^  as  various  diphtheroids  are  of  more 
frequent  occurrence  in  the  nasal  fossae  than  in  the  fauces. 

Ear. — Graham- Smith  isolated  17  strains  of  B.  diph- 
theriae from  cases  of  otorrhoea,  and  found  11  non  virulent 
and  6  virulent.  The  liability  to  confusion  is  greater  here 
than  in  the  case  of  the  nose,  and  the  difficulty  of  isolation 
is  much  greater,  on  account  of  the  saprophytic  organisms 
found  in  aural  discharge. 

Treatment  of  Carriers 

The  means  at  our  dit-posal  of  freeing  the  throat  or  nose 
from  the  bacillus  in  the  case  of  carriers  are  not  very 
efficient.  Diphtheria  antitoxin  given  subcutaneously  is  of 
no  value  for  this  purpose,  according  to  all  observers. 
Different  kinds  of  antiseptic  gargles  have  not  given 
encouraging  results  when  tested  methodically  ;  and  the  use 
of  antibacterial  serum  locally,  though  recommended  by 
Louis  Martin  and  also  prepared  by  Wassermann  for  the 
purpose,  have  not  been  successful  in  other  hands.  Vaccina- 
tion with  killed  diphtheria  bacilli  in  increasing  doses,  first 
tried  on  5  carrier-cases  by  Petruschky,  has  not,  so  far  as  I 
am  aware,  been  tried  in  a  large  number  of  cases  and  deserves 
further  trial,  but  the  few  recorded  cases  which  I  have 
met  have  been  quite  inconclusive.  Operative  treatment 
on  the  tonsils,  where  these  appear  to  be  the  seat  of  the 
bacilli,  seems  a  hopeful  and  justifiable  procedure. 
Probably  the  whole  of  the  tonsillar  tissue  should  be 
removed  as  far  as  possible,  as  recommended  by  Pegler. 
A  prophylactic  dose  of  antitoxin  should  be  given  before  the 
operation.  It  has  been  recommended  that  the  tonsils 
should  be  painted  with  some  chemical  substance,  such  as 
iodine,  which  will  cause  a  local  inflammation  and  lead  to 
debtruction  of  the  bacilli  by  the  inflammatory  exudate, 
and  also  their  extrusion  from  suppurating  tonsillar 
follicles.  In  any  case  antiseptic  gargles,  etc,  should 
be  used  frequently  with  the  view  of  lessening  the  spread 
of  the  bacilli  to  others. 

The  nature  of  the  immunity  from  the  disease  which  the 
carriers  enjoy  is  obscure,  but  it  is  not  always  complete  nor 


as  persistent  as  the  bacilli.  Carriers  may  develop 
diphtheria  after  tonsillotomy  or  operation  on  the  turbi- 
nated bones,  and,  without  any  known  localized  wound, 
may  suddenly  develop  the  diseape  after  carryinj^  the 
bacillus  for  tliree  or  four  weeks  (Scheller).  Prophylactic 
doses  of  antitoxin  may  cause  similar  temporary  immunity 
with  presence  of  ba^nlli  in  the  fauces,  and  later  an  attack 
of  diphtheiia  may  occur — for  example,  21  contacts  were 
injected  prophylactically  by  Peters,  of  whom  7  developed 
diphtheria  after  three  weeks. 

It  is  at  first  sight  remarkable  that  so  few  cases  of 
diphtheria  occur  in  schools  io  which,  perhaps,  7  per  cent. 
of  the  children  have  B  diphtheriae  in  their  throats 

On  the  other  hand,  numerous  case^-  are  known  of 
the  difieaee  resulting  from  short  contact  with  a  healthy 
carrier  or  with  cases  of  chronic  diphtheria.  However,  even 
thope  in  close  contact  with  diphtheria  casfs  often  escape 
the  disease,  and  very  frequently  only  one  or  two  members 
of  a  numerous  household  are  attacked  with  recognizable 
diphtheria  where  isolation  is  not  practised. 

Ustvedt  only  observed  3  secondary  caBCS  from  98 
persons  suffering  from  diphtheria  Cases  of  chronic 
fibrinous  rhinitis  give  rise  to  singularly  few  cases  of 
clinical  diphtheria,  although  virulent  B  diphtheriae  can 
be  readily  isolated  from  them.  Lack  examined  37  cases 
of  fibrinous  rhinitis  and  isolated  virulent  B.  diphtheriae,  but 
from  none  of  them — nor,  indeed,  from  50  cases  in  all — could 
he  hear  on  careful  inquiry  of  any  case  of  diphtheria  origi- 
nating. Other  observers,  however,  have  recorded  instances 
in  which  severe  cases  of  diphtheria  have  resulted  from 
contact  with  a  case  of  membranous  rhinitis.  In  the  case 
of  school  carriers,  it  seems  likely  that  some  are  far  more 
dangerous  than  others,  for  if  a  school  class  is  swabbed 
only  in  part,  and  therefore  probably  only  a  certain  number 
of  the  carriers  are  isolated,  this  partial  removal  of  carriers 
is  often  sufficient  to  stop  an  epidemic. 

The  following  question  arises  practically.  Taking  an 
otherwise  healthy  person  who  is  a  carrier  of  B.  diph- 
theriae, as  shown  by  the  ordinary  methods  of  swabbing 
serum  tubes  and  examination  of  a  film,  is  he  necessarily 
a  danger  to  his  surroundings  unless  isolated  ? 

The  relative  efficiency  of  different  carriers  must  be 
taken  into  consideration,  and,  further,  the  possible  value 
of  antiseptic  gargles  in  preventing  the  distribution  of  the 
bacilli.  This  has,  as  far  as  I  know,  never  been  sufficiently 
inquired  into  and  tested,  but  undoubtedly  some  carriers 
have  living  virulent  B.  diphtheriae  in  their  mouths  within 
an  hour  or  two  of  active  antiseptic  treatment. 

Does  a  diagnosis  of  the  B.  diphtheriae  by  examina- 
tion of  a  film  from  a  young  serum  culture  definitely 
decide  the  dangerous  nature  of  this  bacillus  ?  With  the 
greatest  care  and  experience  bacilli  resembling  virulent 
B.  diphtheriae  are  sometimes  found  in  the  fauces  or  nose 
which  are  non- virulent  for  guinea-pigs  and  produce  no 
toxin  capable  of  killing  a  guinea-pig  (These  bacilli  are 
at  the  time,  therefore,  probably  nonpathogenic  for  man.) 


What  is  the  nature  of  these  bacilli,  and  can  those   who 
harbour  them  pass  on  diphtheria? 

These  bacilli  which  resemble  B.  diphtheriae  morpho- 
logically are  not  all  of  the  same  kind  and  should  be 
classified  in  accordance  with  the  schenie  of  Park  and 
Beebe,  advocated  by  Graham- Smith,  namely  : 

1.  Bacilli  which  do  not  ferment  glucose. 

2.  Bacilli  which  do  produce  acid  from  glucose,  which  are 

non-virulent   for    guinea-pigs,    but    resemble    virulent 
B.  diphtheriae  in  every  other  respect. 

3.  Bacilli    which    ferment    glucose    and    are    virulent    for 

guinea-pigs. 

1.  Rarely  a  bacillus  of  the  Hofmann  type  resembles  a  virulent 
B.  diphtheriae  morphologically.  When  isolated,  such  a  bacillus 
is  easily  distinguishable  by  the  fact  that  it  does  not  ferment 
g lucose. 

2.  Certain  other  bacilli  occur  which  closely  resemble  B.  diph- 
theriae morphologically,  but  have  different  characters  when 
grown  on  solid  media.  I  have  come  across  several  such  in  sup- 
posed carriers,  which  when  isolated  are  easily  distinguishable 
from  B.  diphtheriae  by  the  opacity  of  the  growth  on  agar  and  by 
the  fact  that  they  ferment  cane  sugar  as  well  as  glucose. 

3.  Besides  the  above,  strains  are  met  with  which  resemble  the 
true  B.  diphtheriae  in  every  respect,  but  which  are  quite  non- 
pathogenic for  guinea-pigs  in  ordinary  doses  and  produce  none 
or  only  very  small  quantities  of  specific  diphtheria  toxin. 

Graham- Smith  has  very  carefully  discussed  the  question 
of  the  nature  of  these  non- virulent  B.  diphtheriae,  and  he 
points  out  that  they  occur,  when  a  large  number  of  obser- 
vations are  collected,  in  from  1  to  2  per  cent,  of  all  healthy 
persons  not  in  contact  with  diphtheria.  Graham- Smith's 
and  Cobbett's  figures  for  the  occurrence  of  these  non- 
virulent  B.  diphtheriae  B,mong^' contacts  ^^  do  not  exceed 
this  proportion  of  1  to  2  per  cent.  Graham-  Smith  there- 
fore suggests  that  the  non -virulent  B.  diphtheriae  is  a 
distinct  bacillus  and  bears  no  relation  to  diphtheria. 

The  percentage  of  carriers  of  non-virulent  B.  diphtheriae 
among  healthy  persons  who  are  not  "  contacts "  varies 
considerably,  however,  according  to  different  observers, 
and  the  proportion  of  "  contacts "  who  harbour  non- 
virulent  B.  diphtheriae  has  been  found  to  be  much  higher 
in  some  epidemics  than  in  others.  Graham- Smith  and 
Gobbet b  found  no  evidence  of  the  occurrence  of  strains  of 
B.  dijjhtheriae  of  intermediate  grades  of  virulence  between 
full  virulence  and  complete  absence  of  virulence  for  guinea- 
pigs.  In  some  epidemics  of  diphtheria,  on  the  other  hand, 
a  considerable  number  of  partially  virulent  strains  have 
been  found.  Pennington  found  in  an  infected  school 
9  per  cent,  of  carriers,  made  up  of  3  per  cent  of  carriers 
of  non  virulent  B.  diphtheriae,  1  per  cent,  of  carriers  of 
fully  virulent  B  diphtheriae,  and  5  per  cent,  of  carriers  of 
B.  diphtheriae  of  only  slight  virulence  The  standard  of 
virulence  was,  however,  not  that  used  by  Graham- Smith 
and  Cobbett ;  but  the  difference  between  the  three  classes 
seems  so  marked  that  it  would  probably  have  come  out  if 
the  method  of  testing  had  been  different. 

In  1908,  in  the  Journal  of  Hygiene,  I  recorded  the  results  of  the 
investigation  of  an  epidemic  of  diphtheria  in  a  school.  I  found 
a  high  proportion  of   non-virulent  and  of   partially  virulent 


strains  among  the  diphtheria  bacilli  isolated  from  the  carriers. 
Of  590  hoys,  25  per  cent,  yielded  B  dipJithcriae.  Twenty 
strains  were  isolated  and  tested  ior  virulence,  and  if  these 
strains  were  a  fair  sample  of  the  whole  ,  then, 

7  per  cent  of  the  boys  harboured  non-virulent  strains 

6  per  cent,  of  the  boys  harboured  partially  virulent  strains 

7  per  cent,  of  the  boys  harboured  fully  virulent  strains 

A.lthough  very  careful  observations  made  by  Park  and 
Williams  and  others  have  shown  that,  aq  a  rule,  the  ntrain 
of  B.  diphtheriae  isolated  from  a  patient  retains  its 
virulence  up  to  the  latest  date  at  which  it  is  possible  to 
find  it  in  that  patient's  fauces,  still,  sometimes  a  strain 
isolated  from  a  case  of  diphtheria  proves  to  be  non- 
virulent.  Lubowski  (1900)  found,  amonj^st  other  diphtheria 
cases,  two  diphtheria  patients  from  whom  he  could  only 
isolate  non- virulent  strains  of  B,  diphtJieriae.  and  he  found 
unusually  high  antitoxin  content  in  the  blood  of  both  these 
patients.  Pennington  found  on  examining  25  diphtheria 
convalescents  that  22  yielded  virulent  strains  of  B. 
c?ip7i^7ieWae  and  2  non  virulent  strains  five  to  seven  days 
after  the  end  of  their  illness.  One  convalescent  yielded  at 
first  a  virulent  strain  and  later  a  non -virulent  strain. 

In  the  school  epidemic  mentioned  above,  the  first  case  of 
severe  sore  throat  occurred  in  a  boy  who  had  returned  to 
school  before  I  examined  the  boys.  He  had  suffered  from 
a  thin  purulent  nasal  discharge  for  the  greater  part  of  the 
time  since  his  illness.  It  seemed  highly  probable  that  he 
was  responsible  for  a  large  share  in  the  spread  of  the 
disease  On  several  occasions,  however,  the  only  strain 
of  B.  diphtheriae  which  could  be  isolated  was  com- 
pletely non- virulent,  although  in  all  other  respects  exactly 
resembling  typical  virulent  B.  diphtherias.  Similar  strains 
were  isolated  from  his  fauces  and  his  nose.  The  evidence 
for  the  transformation  of  true  non-virulent  B.  diphtheriae 
into  virulent  B.  diphtheriae  or  the  reverse  is  scanty  and 
unsatisfactory.  I  have  tried  very  many  methods,  but 
have  completely  failed  to  change  the  one  type  into  the 
other. 

Occasionally,  however,  a  strain  on  being  tested  has 
proved  non- virulent,  whereas  on  a  former  occasion  the 
same  strain  has  been  virulent.  When  this  has  occurred, 
the  change  has  not  been  referable  to  any  special  treat- 
ment or  external  condition,  and  has  been  permanent. 

All  the  non  virulent  strains  with  which  I  have  worked 
have  been  completely  non  pathogenic  unless  injected  in 
massive  doses  intraperitoneally,  and  then  antitoxin  has 
not  had  any  neutralizing  effect  when  given  beforehand  or 
simultaneously. 

Although  I  have  not  been  able  to  obtain  any  direct 
evidence  of  toxin  or  toxoid  produced  by  non- virulent 
strains,  still  the  injection  of  filtrate  from  one  non-virulent 
strain  into  a  horse  caused  a  decided  rise  in  the  antitoxin 
content  of  the  horse's  serum — from  ^  to  4  units — and 
the  further  injection  of  filtrate  from  cultures  of  another 
non- virulent  strain  further  raised  the  antitoxic  value  of  the 
serum  to  25  units  per  c.cm.  (Arkwright,  1910). 
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,       /  It   does    not  seem,   therefore,  to   be  definitely   settled 

/-  /  ^heihQx  B.  di'phtheriae^  vihioh.  are   typical   in  everyway 

'"^Z  '  except  that  they  are  non-virulent,  have  any  close  causal 

relationship  to  cases  of  diphtheria  or  not  Very  probably 
they  are  less  likely  to  cause  diphtheria  in  man  than 
virulent  B.  diphtheriae^  for  the  circumstances  under  which 
they  regain  their  virulence — if  they  do  so — are  quite 
unknown. 
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Naclulruck  verboten. 

Hypcrsensibility  to  pure  egg  albumin. 

By  H.  W.  Armit, 
from  the  Lister  Institute  of  Preventive  Medicine. 

(Eingegangen  bei  der  Redaktion  am  9.  Mai  1910.) 

The  object  of  the  present  communication  is  to  offer 
evidence  in  support  of  the  following  points:  1)  that  the 
phenomenon  of  hypersensibility  can  be  elicited  with  pure  egg 
albumin,  2)  that  the  hypersensitizing  substance  does  not,  as 
stated  by  Victor  Vaughan,  appear  to  consist  of  two 
portions,  the  one  of  which  hypersensitises  and  the  other 
intoxicates,  3)  that  the  reaction  product  formed  by  the 
first  injection  of  albumin  is  an  amboceptor,  but  is  not 
identical  with  a  free  precipitin  receptor,  4)  that  as  far  as 
egg  albumin  is  concerned,  the  doctrine  of  "anti-anaphylaxis", 
as  propounded  by  Besredka,  needs  readjustment;  the 
assumed  anti-anaphylaxis  being  in  many  instances  a  com- 
plete or  partial  immunity  and  5)  that  hypersensitization  may 
outlast  a  definite  reaction  after  the  second  injection  and 
therefore  that  the  failure  to  react  on  the  third  injection 
is  no  evidence  of  hypersensibility  at  the  time  of  the  second 
injection. 

In  view  of  the  interim  nature  of  the  report,  no  attempt 
will  be  made  to  discuss  the  whole  literature  of  the  subject, 
and  for  this  reason,  reference  will  only  be  made  to  those 
contributions,  which  deal  directly  with  the  subject  matter  of 
the  report. 

Gideon  Wells  (1908,  1909)  has  directed  his  attention  to  the  subject 
of  hypersensibiUty  to  pure  egg  albumin  and  his  accounts  liu'gely  agree  with 
the  results  which  I  have  obtained  during  the  past  two  years.  Victor 
Vaughan  (1907,  1909)  has  experimented  with  egg  white  and  claims  to 
have  obtained  results  of  a  far  reaching  character,  and  on  the  basis  of  these 
results,  Detre  stated  at  the  International  Medical  Congress  in  Budapest 
(1909)  that  he  found  support  for  the  views  which  he  held  on  the  mechanism 
of  hypersensitization. 
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Method  of  preparation  of  crystalline  egg  albumin. 

The  egg  albumin  used  in  the  experiments  was  prepared 
according  to  the  method  described  by  F.  G.  Hopkins  (1899). 

White  of  egg  is  beaten  up  into  a  froth  with  exactly  its  own  bulk  of 
saturated  ammonium  sulphate  solution.  A  bulky  precipitate  containing 
the  globulins  etc.  separates  out  and  after  the  fluid  has  stood  overnight,  this 
precipitate  is  filtered  off  and  the  filtrate  carefully  measured.  To  the  filtrate 
a  10°/(,  dilution  of  acetic  acid  is  gradually  added  from  a  burette  until  a 
well  marked  precipitate  forms.  This  amount  corresponds  roughly  to 
incipient  acidity  of  the  solution  toward  htmus.  A  further  cubic  centimetre 
of  acid  is  then  added  for  each  100  ccm  of  the  filtrate,  and  the  fluid  is  then 
put  aside  and  stirred  from  time  to  time.  It  has  been  found  advisable  to 
sew  this  fluid  with  some  crystals  of  egg  albumin,  in  order  to  hasten  the 
complete  crystallization  of  aU  the  albumin.  From  time  to  time  a  drop  is 
placed  on  a  shde  and  examined  under  the  microscope,  to  determine  whether 
all  the  precipitate  has  become  crystalhne.  When  the  process  is  finished, 
the  crystals  are  filtered  off"  through  a  hardened  filter  paper.  After  pressing 
the  precipitate  between  layers  of  blotting  paper  to  abstract  as  much  of  the 
fluid  as  possible,  the  cake  remaiaing  is  redissolved  in  a  minimal  quantity 
of  water.  The  protein  is  the  reprecipitated  by  the  addition  of  a  solution 
of  ammonium  sulphate  untU  distinct  flakes  remain  permanently  in  the 
fluid.    To  this  a  few  crystals   are  added  and  recrystalhzation  takes  place. 

The  crystals  pressed  free  of  superfluous  fluid  may  be 
stored  in  cake-form  or  dried  in  a  dessicator  and  kept  as  a 
powder.  For  immediate  use,  the  crystals  are  placed  in  a 
suitable  dialysor  and  freed  from  all  traces  of  ammonium 
sulphate.  The  last  stages  of  dialysis  should  be  conducted  with 
distilled  water.  The  solution  may  then  be  rendered  isotonic 
by  the  addition  of  a  weighed  quantity  of  sodium  chloride  and 
standardized.  This  may  be  done  by  weighing  the  precipitate 
gained  by  heating  a  measured  sample  of  the  solution,  or  by 
the  determination  of  the  N  content  by  Kjeldahl's  method. 

The  effect  of  the  injection  of  pure  egg  albumin. 

Guineapigs  were  given  injections  of  varying  amounts  of 
pure  egg  albumin  up  to  2  grams  both  subcutaneously  and  intra- 
peritoneally,  without  any  toxic  symptoms  developing.  Toxic 
symptoms  and  death  however  were  produced  when  a  second 
dose  was  given  after  a  lapse  of  at  least  ten  days. 
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The  hyper  sensitizing  dose:  It  was  found  that  any 
dose  from  0,0001  up  to  2  grams  at  the  first  injection  sufficed 
to  produce  hypersensibility.  For  practical  purposes,  however, 
it  appears  that  a  dose  varying  between  0,04  and  0,08  g.  yields 
the  best  results.  When  pretreated  in  this  way,  every  guineapig 
was  found  to  be  hypersensitive. 

The  interval:  After  10  days  the  animals  were  found 
to  be  hypersensitive,  but  death  or  very  severe  symptoms, 
including  paralysis,  convulsions  and  coma  always  followed  if 
the  second  injection  was  carried  out  on  the  14th  day  or  later. 
It  has  been  found  that  the  hypersensibility  can  last  for  a 
considerable  period,  e.  g.  it  was  present  on  the  124th  day, 
on  the  159th  day  and  on  the  240th  day  in  several  instances. 
Rosenau  and  Anderson  (1908)  have  placed  on  record 
that  hypersensibility  to  horse  serum  was  in  one  case  still 
present  after  732  days. 

The  intoxicating  dose:  Death  resulted  when  egg 
albumin  in  solution  was  injected  intraperitoneally  in  doses  of 
from  0,001  to  2  g.  The  smallest  dose  which  invariably  killed 
the  guineapig  was  found  to  be  0,04  g.  0,0004  g.  frequently 
produced  paralysis,  from  which  recovery  resulted.  In  the 
majority  of  the  experiments,  0,06  to  0,08  g.  was  used  for  the 
second  injection,  this  dose  being  rapid  and  striking  in  its 
action. 

Intravenous,  intra-cranial  and  intra-cardiac  injections  were 
employed  in  a  certain  nunber  of  cases.  The  dose  sufficient  to 
produce  intoxication  and  death  by  these  methods  was,  as  would 
be  expected,  lower  than  that  required  when  the  intraperitoneal 
method  was  used,  but  there  were  objections  to  the  habitual 
employment  of  each  of  the  methods  enumerated,  save  the 
intracardiac.  In  the  case  of  intracranial  injections,  even  when 
the  total  quantity  of  fluid  injected  was  kept  down  to  0,3  ccm, 
death  occasionally  ensued,  and  it  was  found  that  severe  para- 
lytic disturbances  resulted  at  times,  when  physiological  salt 
solution  was  injected  in  the  same  dose  and  by  the  same 
method. 

Passive  hypersensitization  in  guineapigs:  The 
serum  of  hypersensitive  guineapigs  proved  to  possess  irregular 
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and  little  marked  power  of  inducing  hypersensibility  in  normal 
guineapigs.  Among  a  considerable  number  of  sera  tested, 
only  a  few  possessed  this  capability,  and  each  sample  possessed 
a  different  hypersensitizing  power.  Reference  to  these  ex- 
periments will  be  made  under  the  heading  of  the  reaction 
product  of  egg  albumin.  On  the  other  hand,  it  was  found 
that  the  serum  of  rabbits,  which  had  received  injections  of 
pure  egg  albumin  possessed  this  power  of  imparting  hyper- 
sensibility to  normal  guineapigs  in  a  marked  manner.  The 
mode  of  preparing  both  guineapigs  and  rabbits  for  this  purpose 
consisted  in  giving  a  number  of  injections  subcutaneously, 
intravenously  or  intraperitoneally.  For  guineapigs,  subcutaneous 
injections  appeared  to  be  preferable,  and  for  rabbits  the  intra- 
peritoneal injections  proved  advantageous.  Hypersensibility 
to  egg  albumin  in  rabbits,  like  hypersensibility  to  other  proteid 
substances,  differs  from  that  in  guineapigs,  in  that  the  only 
symptoms  seen  are  sudden  pallor,  associated  with  some  pant- 
ing, dyspnoea  and  signs  of  uneasiness.  It  is  therefore 
possible  to  repeat  the  injections  past  the  10th  day.  If  the 
injections  are  repeated  in  guineapigs,  it  is  necessary  to 
anaesthetize  the  animal  after  the  first  injection  in  the  hyper- 
sensitive period,  until  all  symptoms  have  passed  off,  and  then 
to  be  careful  in  giving  subsequent  injections  not  to  pass  on 
to  the  injection  of  large  amounts,  unless  the  guineapig  has 
proved  itself  capable  of  tolerating  small  doses  well. 

The  test  of  passively  induced  hypersensibility  was  carried 
out  by  giving  varying  quantities  of  the  serum  of  the  pretreated 
animal  either  intraperitoneally  or  intracardiacally  and  after  the 
lapse  of  24  hours  injecting  a  toxic  dose  of  egg  albumin. 

Quantitative  estimations  of  the  power  of  a 
hypersensitizing  serum:  In  order  to  decide  whether 
the  power  of  hypersensitizing  by  means  of  serum  could  be 
measured  quantitatively,  the  serum  of  pretreated  rabbits  was 
used  in  the  first  place.  From  the  accompanying  table,  it  will 
be  seen  that  while  this  method  may  be  utilised  for  the  purpose 
of  roughly  comparing  sera  with  regard  to  their  power  of 
inducing  hypersensibility,  the  individual  variations  in  the 
guineapigs  are  factors  which  render  the  test  but  little 
delicate. 
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Rabbit 

Serum  of 
rabl)it  dose 

Method  of 
application 

Interval 
in  hours 

Dose  of  egg 
all). 

Result. 

B 

2    ccm 

ip. 

24 

0,09  g. 

t 

B 

2      „ 

24 

0,09  „ 

0 

B 

3      „ 

24 

0,09  „ 

t 

B 

3      „ 

24 

0,09  „ 

s 

C 

0,5    „ 

24 

0,06  „ 

s 

C 

0,5   „ 

7> 

24 

0,06  „ 

0 

C 

0,2    „ 

24 

0,06  „ 

s 

C 

0,2   „ 

24 

0,06  „ 

0 

C 

0,05  „ 

24 

0,06  „ 

0 

D 

0,05  to 

0,5  ccm 

24 

0,06  „ 

0 

^2 

0,02  to 

0,5    ccm 

24 

0,06  „ 

0 

I>3 

0,45    „ 

24 

0,08  „ 

s 

I>3 

0,2      „ 

24 

0,08  „ 

s 

D 

0,1      „ 

24 

0,08  „ 

0 

I>3 

0,05    „ 

24 

0,08  „ 

s 

D4 

1         „ 

48 

0,06  „ 

t 

I>4 

0,5      „ 

48 

0,06  „ 

t 

I> 

0,1      „ 

48 

0,06  „ 

s 

F 

0,5      „ 

24 

0,06  „ 

t 

F 

0,2  to 

0,05  ccm 

24 

0,06  „ 

0 

G 

0,5      „ 

24 

0,06  ., 

S  (late) 

G 

0,2      „ 

24 

0,06  „ 

S  (late) 

G 

0,1      „ 

24 

0,06  „ 

S 

G 

0,05    „ 

24 

0.06  „ 

0 

H^) 

2         „ 

24 

0,09  „ 

0 

f  =  died.,   S  =•  symptomis,  including  paralysis,  0  =  either  no  sym- 
ptoms or  symptoms  without  paralysis,  ip.  =  intraperitoneal. 

D  =  after  5  injections,  D,  =  after    8  injections, 


D,= 


6 


1)4  = 


10 


Experiments  with  mixtures  of  the  serum  of  pretreated 
animals  and  egg  albumin  were  also  carried  out  but  for  the 
sake  of  convenience,  these  experiments  will  be  considered  later. 

Attempts  to  split  up  the  protein  molecule  into  constituents. 

The  work  of  Victor  Vaughan  (1907,  1909)  indicated 
that  egg  white  could  be  split  up  into  two  component  parts, 
one  of  which  acted  as  a  hypersensitizer  and  the  other  as  an 
intoxicator.  These  fractions  he  called  haptophore  and  toxophore, 
respectively.     Crystalline   egg  albumin  was  treated  in  exactly 


1)  This  rabbit  had  only  received  3  injections. 
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the  same  manner  as  the  egg  white  in  Vaughan's  experi- 
ments. The  details  were  followed  closely  with  special  care. 
In  the  first  place,  it  was  found  that  the  fraction  which  was 
insoluble  in  alcohol  (cf.  Vaughan's  haptophore)  was  toxic 
to  normal  guineapigs  in  doses  of  0,1  g.  The  symptoms  pro- 
duced were  twitching  of  the  whole  body,  paresis  of  the  hind 
extremities,  convulsions,  dyspnoea.  At  times  death  occurred 
suddenly.  0,05  g.  or  less  did  not  appear  to  produce  toxic 
symptoms.  The  fraction  which  was  soluble  in  alcohol  (analogous 
to  Vaughan's  toxophore)  did  not  produce  symptoms  in 
doses  up  to  0,15  g.  Guineapigs  were  pretreated  with  the 
first  fraction  in  doses  varying  between  0,0005  g.  and  0,05  g. 
On  being  tested  on  the  14th  day  or  later,  no  toxic  symptoms 
were  produced,  when  either  whole  egg  albumin  or  either 
fraction  were  employed.  It  was  further  noticed  that  guineapigs 
which  had  received  a  first  dose  of  the  first  fraction,  became  some- 
what more  resistant  to  a  second  dose  of  the  same  substance. 

Guineapigs  were  also  pretreated  with  the  alcohol  soluble 
fraction  in  doses  varying  between  0,00039  and  0,146  g.  A 
very  slight  degree  of  hypersensitization  to  whole  egg  albumin 
and  to  itself  but  not  to  the  fraction  insoluble  in  alcohol 
resulted.  In  no  case,  did  the  second  injection  produce  even 
severe  symptoms. 

Guineapigs  which  had  been  sensitised  with  egg  albumin 
were  tested  with  the  two  fractions.  In  full  doses,  the  fraction 
corresponding  to  Vaughan's  toxophore  produced  slight 
symptoms.  In  one  case  a  guineapig  was  given  three  injections, 
the  first  of  egg  albumin,  the  second  of  the  alcohol  soluble 
fraction  on  the  19th  day  and  the  third  of  the  same  substance 
on  the  89th  day.  Some  convulsive  movements  followed  the 
second  injection,  and  death  followed  the  third.  Several  other 
guineapigs  received  repeated  injections  of  both  fractions,  but 
with  entirely  negative  results. 

These  experiments  show  that  when  pure  egg  albumin  is 
employed,  the  portion  corresponding  to  Vaughan's  hapto- 
phore fraction  is  incapable  of  hypersensitizing  normal  gui- 
neapigs to  itself,  to  the  other  fraction  or  to  w^hole  egg 
albumin.  On  the  other  hand  the  portion  corresponding  to 
toxophore  is  capable  to  a  very  slight  extent  of  hypersensitizing, 
in  spite  of  Vaughan's  statements  and  under  certain  circum- 
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stances  may  intoxicate  when  applied  as  a  third  injection. 
From  these  conclusions,  the  natural  deduction  would  be  that 
the  treatment  of  egg  albumin  with  alcoholic  solutions  of 
caustic  soda  destroys  the  hypersensitizing  and  intoxicating 
action  to  a  large  extent. 

The  hypersensibility  to  pure  egg  albumin  was  not  inter- 
fered with  by  an  interposed  injection  of  either  fraction  of  the 
albumin.  On  subsequent  testing  with  egg  albumin,  the  guinea- 
pigs  were  found   to  be  hypersensitive. 

Other  modes  of  breaking  down  the  protein 
molecule.  The  work  of  Gideon  Wells  with  regard  to 
the  digestion  of  egg  albumin  with  proteolytic  ferments,  as  well 
as  the  experiments  with  heat  were  to  a  large  extent  confirmed 
and  show  that  the  protein  molecule  as  such  acts  in  the  phe- 
nomenon and  that  all  processes  which  tend  to  break  down 
the  molecule,  interfere  to  a  proportionate  extent  with  the 
hypersensitizing  and  intoxicating  action  of  the  albumin. 

The  reaction  product  of  egg  albumin. 

Experiments  were  conducted  with  a  view  of  ascertaining 
whether  the  reaction  product,  produced  by  the  first  injection, 
is  capable  of  rendering  the  albumin  toxic  by  mixture  in  vitro. 
Reference  should  be  made  in  this  place  to  the  highly  inter- 
esting experiments  ofFriedberger  (1909,  1910)  who  showed 
that  when  dealing  with  serum,  a  mixture  of  the  test  serum 
and  the  serum  of  the  pretreated  animal  produces  a  precipitate, 
which  when  abstracted  with  normal  guineapig's  serum,  yields 
a  toxic  product.  He  calls  this  soluble  toxin  "anaphylatoxin", 
and  believes  that  the  symptom  complex  produced  by  this  sub- 
stance is  identical  with  hypersensitization  poisoning.  In  his 
previous  articles,  Friedberger  set  up  the  thesis  that  the 
reaction  product  which  is  formed  by  the  first  injection  and 
which  produces  the  changes  in  the  so  called  passive  hypersen- 
sitization experiments,  is  probably  a  free  precipitin  receptor  ^). 
Biedl  and  Kraus  (1909)  have  also  brought  some  interesting 

1)  Anm.  bei  der  Korrektur.  Friedberger  vertritt  die  Ansicht,  daS 
das  Eeaktionsprodukt  bei  Einverleibung  von  EiweiB  —  AntieiweiB  —  eineu 
einheitlichen  Korper  darstellt.  Die  Anaphylaxie  hervorrufende  Eigenschiift 
ist  viel  empfindhcher  als  die  priizipitierende.  Do  err  identifiziert  das  aua- 
phylaktische  Eeaktionsprodukt  mit  dem  Priizipitiu. 
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information  to  light,  with  regard  to  the  reaction  product. 
Attention  however  must  be  called  to  the  fact  that  all  these 
investigators  have  worked  with  serum  almost  exclusively,  and 
as  will  be  explained  in  a  subsequent  communication,  there  is 
every  reason  to  believe  that  the  hypersensibility  produced  by 
serum  is  not  a  simple  increase  of  toxicity  of  one  protein  but 
is  a  compound  alteration  of  the  toxicity  of  a  number  of 
organic  substances  and  that  many  of  the  phenomena  which 
have  been  observed  may  find  their  explanation  in  this  fact. 
Further  a  number  of  authors  constantly  employ  the  term 
„anaphylaxis"  in  the  sense  of  a  definite  toxicological  complex. 
It  is  probable  that  this  use  of  the  term,  which  has  many 
other  objections,  may  hamper  the  investigator,  since  there  is 
at  present  no  proof  that  the  phenomenon  is  more  than  the 
result  of  the  toxic  action  of  a  newly  formed  body,  which 
owes  its  origin  to  the  reaction  of  the  body  to  the  introduction 
of  a  substance  which  in  itself  is  harmless  to  the  organism. 
It  would  therefore  be  probable  that  the  symptoms  and  patho- 
logical changes  of  what  is  known  as  the  phenomenon  of 
hypersensibility,  would  vary  according  to  the  nature  of  the 
substance  introduced  at  the  first  injection ,  although  the 
future  must  prove  whether  the  organism  is  capable  of  produ- 
cing one  and  the  same  reaction  product  in  response  to  the 
introduction  of  two  different  proteins.  Biedl  and  Kraus 
found  that  a  mixture  of  the  serum  of  hypersensitive  guinea- 
pigs  and  the  serum  used  in  the  preparation  of  the  same 
acquired  toxic  properties  which  were  not  possessed  by  either 
components  before  mixture  and  that  this  toxic  property  could 
be  increased  by  passing  the  mixture  through  the  body  of  a 
normal  guineapig.  Richet  (1907)  and  Friedemann  (1909) 
have  also  met  with  an  increase  of  toxicity  of  the  test  serum 
by  mixture  with  the  serum  of  the  prepared  animal. 

The  majority  of  the  experiments  undertaken  in  regard  to 
this  point  which  were  conducted  with  the  serum  of  guineapigs 
proved  negative  but  as  has  already  been  shown,  the  serum 
of  hypersensitive  guineapigs  possesses  little  power  of  hyper- 
sensitizing  normal  guineapigs  and  that  this  power,  ^vhen 
present,  is  variable.  From  time  to  time,  however,  positive 
results  were  obtained.  Tests  were  then  applied  with  the 
serum  of  pretreated  rabbits  with  the  result  that  less  irregular 
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results  were  obtained.  It  was,  however,  found  that  save  on 
a  few  occasions,  the  simple  mixture  of  G^{f  albumin  and 
rabbit's  serum  did  not  suffice  to  produce  a  fluid,  which  called 
forth  symptoms  similar  to  those  seen  in  the  shock  of  egg 
albumin  hypersensibility.  Regular  results  were  obtained  when 
an  appropriate  quantity  of  normal  guineapig's  serum  was 
added  in  vitro  to  the  egg  albumin  serum  mixture.  Work- 
ing with  the  serum  of  Rabbit  D  after  the  10th  injection,  it 
was  found  that  when  the  proportion  of  normal  guineapig's 
serum  (containing  complement)  to  the  rabbit's  serum  was  as 
3:1,  the  binding  of  the  reaction  product  in  the  serum  with 
the  protein  took  place  readily.  The  dose  of  rabbit's  serum 
chosen  for  these  experiments  was  that  which  had  proved 
sufficient  to  produce  passive  hypersensibility,  or  larger.  With 
regard  to  the  quantity  of  egg  albumin,  it  was  considered  that 
an  excess  up  to  a  reasonable  limit  would  not  interfere  with 
the  result,  and  therefore  6  eg.  were  used,  while  in  a  few 
experiments,  half  of  this  quantity  was  used.  Thus,  when 
1  ccm  of  rabbit's  serum  and  1  ccm  of  normal  guineapig's 
serum  were  mixed  with  varying  amounts  of  egg  albumin,  up 
to  13  eg.,  paralysis  and  death  took  place  at  times,  while  in 
other  instances  no  symptoms  were  produced.  On  the  other 
hand,  when  2  ccm  of  normal  guineapig's  serum  and  0,68  ccm 
of  rabbit's  serum  were  mixed  with  0,035  g.  of  egg  albumin, 
or  2,75  ccm  of  normal  guineapig's  serum  and  1,25  ccm  of 
rabbit's  serum  were  mixed  with  doses  of  egg  albumin  varying 
between  3  and  6  eg.,  paralysis  and  death  invariably  followed 
immediately.  The  injections  were  made  intracardially.  In 
each  instance,  inactivated  rabbit's  serum  was  used  for  these 
experiments,  and  it  was  further  noted  that  the  serum  of 
Rabbit  D,  lost  very  little  power  after  having  been  kept  for 
several  weeks. 

The  reaction  product  an  amboceptor. 

These  experiments  were  preceded  by  experiments  under- 
taken to  determine  whether  the  substance  present  in  the 
rabbit's  serum  was  of  the  nature  of  an  amboceptor.  The 
following  table  demonstrates  clearly  that  the  serum  of  a  rabbit 
pretreated  with  egg  albumin  contains  a  new  product,  which 
is   only   capable   of  deviating   complement  in  the  presence  of 
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egg  albumin,  and  yet  which  is  not  identical  with  precipitin. 
The  latter  point  can  be  made  clear  with  a  substance  like 
pure  egg  albumin,  which  does  not  readily  yield  a  precipitin 
and  which,  when  it  does,  only  yields  a  precipitin  of  very  low 
value.  Rabbit  D  was  first  treated  by  injections  of  egg  albu- 
min dissolved  in  distilled  water,  and  like  the  other  rabbits, 
no  trace  of  precipitin  developed.  It  was  then  given  injections 
of  solutions  of  egg  albumin  in  0,85  7o  sodium  chloride  to 
which  sodium  carbonate  was  added  until  the  free  alkalinity 
corresponded  to  n/50  sodium  carbonate  (Hunter).  The 
serum  obtained  after  the  10th  injection  gave  a  precipitate  in 
a  dilution  of  1 :  20,  and  a  faint  cloud  in  1 :  50.  In  no  other 
serum  was  any  precipitate  seen  in  any  dilution.  For  the  sake 
of  ready  comparison,  a  table  is  set  up  showing  the  compa- 
rative hypersensitizing,  precipitating  and  deviating  values  of 

the  various  sera. 

Table  II. 


Serum 

Hypersensitises 
in  doses  of 

Precipitin  reaction,  in 
dilution  of 

Deviates  0,1 

complement  in 

doses  of 

Rabbit  C 

>  0,5    ccm 

no  reaction 

1,0  (a) 

Rabbit  D^           | 

<0,1 
>0,05 

1:20  floculent  pp. 
1:50  slight  cloud 

}o,i 

Gnpg.  71/276 

3,5  neg. 

no  reaction 

0 

„       69/30 

O,0      „ 

jj        J? 

0 

„       71/246 

3,0    „ 

J7                 J> 

0 

„       84/30 

3,0    „ 

J)                3J 

2,0  (a) 

„       39/30 

3,0 

3J                 JJ 

1,0  (a) 

(a)  =  not  quite  complete ;  neg.  =  no  distinct  hypersensibility  obtained 
"with  given  doses. 

Table  II  has  been  compiled  to  show  the  relative  power 
of  various  sera  of  hypersensitizing,  precipitating  and  deviating 
complement.  Do  err  found  a  parallelism  between  the  precipitin 
content  of  a  serum  and  its  power  of  hypersensitizing.  With 
regard  to  the  sera  of  animals  pretreated  with  egg  albumin,  it 
can  be  shown  that  whereas  the  serum  of  Rabbit  D  was  the  best 
hypersensitizing  serum  of  the  series,  it  was  at  the  same  time 
the  only  one  which  produced  any  appreciable  precipitate  with 
egg  albumin  in  vitro.  This  fact  may  be  regarded  as  evidence  in 
favour  of  Do  err 's  contention,  but  the  failure  of  all  the  other 
sera  to  yield  any  precipitation  must  also  be  taken  into  con- 
sideration.   It  will  be  seen  that  the  power  of  deviating  com- 
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plement  of  Serum  D  was  nearly  ten  times  as  strong,'  as  that 
of  serum  C,  and  the  precipitating  power  must  have  been  very 
much  more  than  20  times  as  strong,  since  D  produced  a  cloud 
in  a  dilution  of  1  :  50,  and  C  did  not  even  produce  this  effect 
in  any  dilution  put  up.  Rabbit  D  was  pretreated  with  alkaline 
solutions  of  egg  albumin  while  in  the  case  of  rabbit  C  the 
albumin  solution  employed  was  slightly  acid.  There  was  no 
precipitin  formation  in  any  of  the  guineapigs.  Further  experiments 
are  required  before  any  conclusion  can  be  arrived  at  as  to  a 
parallelism  between  the  sensitizing  power  and  the  precipitin 
content  of  serum  in  the  case  of  animals  pretreated  with  egg 
albumin.  On  the  other  hand,  the  parallelism  existing  between 
the  hypersensitizing  power  and  the  deviation  in  the  positive 
sera  is  a  very  striking  one^). 

From  table  III,  it  will  be  seen  that  serum  D  in  doses 
of  1  c.  c.  together  with  1  mg  of  albumin,  deviated  at  least  4 
times  the  dissolving  dose  of  complement  required  for  the 
system  employed,  while  0,1  c.  c.  together  with  0,1  mg  was 
also  capable  of  deviating  nearly  4  times  the  dissolving  dose 
of  complement.  In  the  first  instance,  the  series  was  not 
completed,  and  it  remains  doubtful  whether  it  would  have 
been  possible  to  have  found  the  maximum  amount  of  com- 
plement, which  such  a  large  quantity  of  ambozeptor  as  1  c.  c. 
could  claim  for  itself.  In  the  second  instance,  it  appears  that 
nearly  four  times  its  own  bulk  was  deflected  from  the  haemo- 
lytic  system.  This  proportion  of  between  three  and  four  times 
the  quantity  of  complement  to  amboceptor  in  serum  D  was 
found  experimentally  to  be  an  optimum  for  the  experiments 
of  rendering  the  egg  albumin  solution  toxic  at  the  first  in- 
jection, as  stated  above. 

An  apparently  contradictory  result  was  obtained  in  the 
investigation  of  the  complement  content  of  the  sera  of  hyper- 
sensitized  guineapigs.  In  a  number  of  experiments,  it  was 
found  that  there  is  no  ascertainable  disappearance  of  com- 
plement after  the  shock.  On  the  other  hand,  disappearance 
of  complement  has  been  found  by  Fried berger  and  others 
in  connexion  with  serum  hypersensibility.   Table  III  however 

1)  Anm.  bei  der  Korrektur.  Es  bedarf,  meiner  Ansicht  nach,  weiterer 
Beweise,  ehe  man  die  Moglichkeit  von  zwei  verschiedenen  EiweiBantikorpern 
definitiv  ausschlieBen  kann. 
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Table  III. 

The  following  table  shows  the  deviating  power  of  the  sera. 

A  single  completely  dissolving  dose  of  haemolytic  amboceptor  for 
0,1  ccm  of  complement  and  1  ccm  of  a  5  7o  suspension  of  red  blood 
corpiiscles  (ox)  were  used  in  each  case. 


Complement 

Serum  of  rabbit 
or  guineapig 

Egg  albumin 

Result 

Rabbit  D, 

0,1 

1     ccm 

0,001      g. 

c.  d. 

0,2 

1       „ 

0,001      „ 

,, 

0,3 

1       „ 

0,001      „ 

,, 

0,4 

1       „ 

0,001      „ 

„ 

0,1 

0,5     „ 

0,001      „ 

3, 

0,1 

0,3    „ 

0,001      „ 

" 

0,1 

0,1    „ 

0,001      „ 

It 

0,1 

1       »  . 

0,0001    „ 

ll 

0,1 

0,5    „ 

0,0001    „ 

,, 

0,1 

0,1    „ 

0,0001    „ 

11 

0,1 

1       . 

0,00001  „ 

n.  c.  d. 

0,1 

0,5    „ 

0.00001  „ 

p.d. 

~ 

0,1 

0,1    „ 

0,00001  „ 

p.d. 

Controls 

0,1 

2       „ 

— 

p.d. 

0,1 

1       . 

— 

c.  h. 

0,1 

0,6    „ 

— 

c.  h. 

0,1 

0,002      g. 

c.  h. 

Eabbit  D. 

0,1 

0,1  ccm 

0,0001    „ 

c.d. 

4 

0,2      , 

0,1    „ 

0,0001    „ 

c.d. 

0,3 

0,1    „ 

0,0001     ,, 

c.d. 

' 

0,4 

0,1    „ 

0,0001    „ 

n.  c.  d. 

0,5 

0,1    „ 

0,0001    „ 

p.d. 

0,7 

0,1    „ 

0,0001    „ 

c.  h. 

Eabbit  C 

0,1 

1    . 

0,0001    „ 

n.  c.  d. 

0,1 

0,5    „ 

0,0001    „ 

p.d. 

0,1 

0,1    „ 

0,0001    „ 

c.  h. 

Controls. 

0,1 

2       „ 

— 

c.  h. 

Gnpg.  71/276 

0,1 

1       „ 

0,0001    g. 

c.  h. 

0,1 

0,5    „ 

0,0001    „ 

11 

0,1 

0,1    „ 

0,0001    „ 

11 

Gnpg.  69/30 

0,1 

1       „ 

0,0001    „ 

11 

0,1 

0.5    „ 

0,0001    „ 

11 

0,1 

0,1    „ 

0,0001    „ 

11 

Gnpg.  71/246 

0,1 

1       „ 

0,0001    „ 

11 

0,1 

0,5    „ 

0,0001    „ 

11 

0,1 

0,1    „ 

0,0001    „ 

11 

Gnpg.  84/30 

0,1 

2       „ 

0,0001    „ 

n.  c.  d. 

0,1 

1       „ 

0,0001    „ 

p.d. 

0,1 

0,5    „ 

0,0001    „ 

p.h. 

0,1 

0,1    „ 

0,0001    „ 

c.  h. 

Gnpg.  39/30 

0,1 

2       „ 

0,0001    „ 

n.  c.  d. 

0,1 

1       „ 

0,0001    „ 

n.  c.  d. 

0,1 

0,5    „ 

0,0001    „ 

p.h. 

0,1 

0,1    „ 

0,0001    „ 

c.  h. 

Controls  w 

ere  put  up  wit 

h  each  series  anc 

L  showed  a  comp 

lete  haemolysis. 

c.  d.  =  complete  deviation;    n.  c.  d.  =  nearly  complete  deviatio;   p.d.  = 
partial  deviation ;  c.  h.  =  complete  haemolysis ;  p.  h.  =  partial  haemolysis. 
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suggests  a  plausible  explanation  for  the  results  obtained  with 
egg  albumin.  The  quantity  of  complement  required  to  „cover'* 
a  lethal  dose  of  egg  albumin  is  proba))ly  so  small,  that 
recognisable  quantities  are  not  withdrawn  from  the  serum. 
Further  examination  of  this  point  is,  however,  required. 

Refractory    behaviour   to    second    and    subsequent  injections. 

According  to  the  doctrine  ofBesredka  and  others  (1907) 
the  refractory  behaviour  of  a  guineapig  to  a  third  injection  is 
due  to  a  definite  anti-anaphylaxis,  produced  by  the  second 
injection.  It  is  unnecessary  for  the  present  to  discuss  the 
theoretical  aspect  of  the  anti-anaphylactic  phenomena,  or  indeed 
the  interpretation  of  the  whole  process  as  given  byBesredka, 
since  the  object  of  the  present  communication  is  to  bring 
forward  evidence  of  the  behaviour  of  a  pure  protein  when 
injected  repeatedly  into  the  animal  body.  But  it  is  necessary 
to  point  out  that  a  refractory  period  does  not  follow  in 
accordance  with  the  rules  set  up  by  Besredka  and  those 
who  follow  this  investigator's  lines  of  argument.  From  the 
first,  it  became  quite  clear  that  it  was  useless  to  endeavour 
to  produce  a  refractory  behaviour  by  injecting  first  a  small 
dose  and  then  a  large  one  within  24  hours  of  the  first,  or 
first  a  large  one  and  then  a  small  one,  for  this  purpose.  It 
was  found  that  hypersensitization  followed  under  all  conditions 
within  10  to  14  days  of  the  first  dose,  no  matter  how^  many 
doses  were  interposed.  A  few  examples  will  suffice  to 
demonstrate  this.  These  cases  are  again  set  forth  in  Table  IV. 
Guineapigs  received  9  eg.  of  egg  albumin  both  on  the  first 
and  on  the  second  day;  on  being  tested  with  10  eg.  on  the 
19th  day,  all  showed  typical  hypersensitization.  The  hyper- 
sensitization followed  when  10  eg.  were  followed  by  1  eg.  or 
when  1  eg.  was  followed  by  10  on  the  following  day,  in  the 
usual  course.  At  times,  after  the  guineapig  had  been  kept 
alive  by  aether  anaesthesia  at  the  second  injection,  subsequent 
injections  had  no  effect  at  all,  no  matter  what  spacing  was 
chosen  (see  No.  27  of  the  Table  IV).  A  similar  experiment 
is  found  in  No.  22,  although  the  symptoms  were  not  stopped 
by  anaesthesia,  but  by  another  means,  namely  by  adsorption 
of  the  albumin  by  the  brain  of  a  hypersensitive  guineapig. 

Zeitschr.  f.  Immunitatsforschung.  Orig.  Bd.  VI.  46 
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t  =  died.     S  =  paralysis  and  convulsions. 


Table 

si  S  =  convulsions.    0  =  less    marked    sym- 

rabbit.   x  =  albumin  which  had  been 
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1)  Aether  anaesthesia. 
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IV. 

ptoms.    a.  h.  g.  =  scrum   of  hypersensitive  guineapij 
artificially  altered  by  freezing. 
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It  will  be  seen  from  the  table  that  in  a  number  of  in- 
stances the  occurrence  of  symptoms  after  the  second  injection 
did  not  interfere  with  the  hypersensibility  and  that  death  or 
severe  symptoms  resulted  when  the  egg  albumin  was  injected 
after  a  sufficient  interval  for  a  third  tinxe  (vide  Nos  25,  34, 
35,  37,  38,  39,  53,  54,  58,  59,  64,  67,  73,  74,  75).  A  close 
consideration  of  the  table  will  reveal  that  while  the  hyper- 
sensibility is  not  necessarily  destroyed  by  the  second  dose 
productive  of  symptoms,  this  depends  to  some  extent  on  the 
manner  of  preparation.    It  must  be  pointed  out  in  this  place. 
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that  by  symptoms  is  meant  paralysis,  convulsions  and  more 
or  less  complete  unconsciousness.  By  slight  symptoms  is 
meant  either  convulsions  without  paralysis  or  dyspnoea,  paresis 
and  inability  of  sitting  or  standing.  No  less  marked  symptoms 
were  regarded  as  evidence  of  hypersensibility,  although  it 
could  be  shown  that  intraperitoneal  injections  frequently 
yielded  a  negative  result,  while  intracardiac  injections  caused 
paralysis  or  death.  It  would  seem  that  the  sudden  fall  in 
temperature  during  the  shock  might  be  a  good  indication  of 
hypersensibility,   as   suggested  by  H.  Pfeiffer  and  S.  Mita 
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(1909),  but  unless  confirmed  by  some  other  symptoms,  a  mere 
fall  of  temperature  must  not  be  regarded  as  conclusive  proof 
of  the  hypersensibility,  and  further  when  distinct  symptoms 
of  hypersensibility  to  the  special  protein  employed  are  seen, 
the  absence  of  a  fall  in  temperature  cannot  be  regarded  as 
of  any  diagnostic  importance.  When  the  preparatory  dose  of 
serum  was  a  large  one,  especially  in  the  case  of  rabbits,  the 
reaction  process  appeared  to  be  somewhat  complicated  (vide 
Exp.  71  and  72).  When  the  dose  of  hypersensitizing  serum 
was  unnecessarily  large  and  presumably  contained  an  excess 
of  amboceptor,  the  hypersensibility  in  the  guineapig  was  re- 
moved by  the  test  injection  of  egg  albumin  24  hours  later. 
Smaller  doses  (Exp.  73  and  74)  of  the  same  hypersensitizing 
serum  produced  hypersensibility  which  at  the  test  injection 
did  not  differ  ascertainably  from  that  produced  by  the  larger 
dose,  but  which  did  differ  from  it  in  that  there  was  no  sub- 
sequent inhibition  and  the  animal  remained  hypersensitive  to 
a  subsequent  injection  of  egg  albumin.  A  similar  inhibition 
was  seen  in  those  cases  in  which  the  first  injection  of  serum 
failed  to  induce  a  condition  of  hypersensibility  (vide  Nos  36, 
43,  44,  45,  46,  47,  49,  51,  57,  62).  In  each  of  these  cases 
if  the  attempt  to  hypersensitive  had  not  exercised  any  effect, 
at  all,  the  test  dose  of  albumin  would  have  rendered  the 
guineapig  hypersensitive  to  a  subsequent  dose  applied  10  or 
more  days  later,  but  this  did  not  occur. 

The  series  71,  72,  73,  74  illustrates  this  point.  The 
amount  of  serum  containing  amboceptor  sufficient  to  produce 
hypersensibility  was  0,05  (in  other  experiments  with  this  serum, 
all  the  guineapigs  save  one,  which  received  0,1  ccm  of  the 
rabbit's  serum  in  question  died  in  response  to  an  injection  of 
egg  albumin  24  hours  later;  the  guineapigs  which  were  pre- 
treated  with  0,05  ccm  all  recovered  after  very  severe  symptoms 
from  the  test  injection).  From  the  deviation  of  complement 
experiments  with  this  serum,  it  would  appear  that  the  amount 
of  egg  albumin  which  the  quantities  of  rabbit's  serum  employed 
(e.  g.  0,45,  0,2,  0,1  and  0,05  ccm)  could  combine  with  is  much 
smaller  than  the  amount  of  egg  albumin  injected  at  the  test 
injection.  Allowing  that  all  the  albumin  would  not  come  into 
contact  with   the  amboceptor  in   vivo   as  it  does  in  vitro,   it 
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follows  that  in  each  case  there  must  be  albumin  which  is  no 
used  in  forming  the  intoxicating  substance.  When  the  ambo- 
ceptor injected  is  in  excess  of  the  amount  required  to  produce 
a  lethal  dose  of  the  intoxicating  substance,  the  excess  of  the 
combination  may  be  absorbed  and  give  rise  to  a  further  anti- 
body —  an  anti-amboceptor-albumin.  In  such  a  case  (71,  12) 
the  animal  would  be  immune  to  a  subsequent  injection  of 
egg  albumin.  On  the  other  hand,  if  all  the  amboceptor  is 
used  up  in  the  poisoning,  the  excess  of  egg  albumin  is  free 
to  produce  a  fresh  hypersensitization  which  is  evidenced  when 
a  further  injection  of  the  albumin  is  applied  at  a  later  date 
(73,  74).  The  same  mechanism  would  apply  when  the  amount 
of  amboceptor  given  at  the  preparatory  injection  is  insufficient 
to  produce  hypersensibility. 

It  must  be  born  in  mind  that  the  amount  of  amboceptor 
present  in  the  serum  of  hypersensitized  guineapigs  is  always 
small  as  compared  with  the  amount  present  in  the  serum  of 
pretreated  rabbits. 

The  immunity  produced  by  the  absorption  of  the  supposed 
toxic  compound  (amboceptor-egg  albumin)  may  be  real  or 
permanent,  as  in  Nos  14,  22  and  27  or  may  be  merely  tem- 
porary, as  in  Nos  13,  26,  45,  47,  49,  51  and  52.  In  the  latter 
case,  it  must  be  assumed  that  the  quantity  of  the  combination 
is  small,  so  that  a  temporary  inhibition  of  the  hypersensi- 
tization is  produced  rather  than  a  definite  immunity. 

In  the  foregoing,  I  have  purposely  avoided  employing 
terms  suggested  by  other  investigators,  such  as  **apotoxin" 
(Richet)  since  the  explanations  offered  are  only  intended  to 
serve  as  a  working  hypothesis  and  do  not  in  any  way  claim 
to  be  a  true  solution  of  the  mechanism  of  hypersensibility. 

In  order  to  obtain  a  further  insight  into  the  nature  of 
the  reaction  product  of  egg  albumin,  some  experiments  w^ere 
undertaken  in  which  the  brain  instead  of  the  serum  of  the 
pretreated  animal  was  used.  The  reason  why  the  brain  was 
chosen  lay  in  the  fact  that  Besredka  and  others  have  found 
that  a  second  injection  of  a  protein  acts  much  more  violently 
when  applied  directly  into  the  brain.  Similarly,  wiien  a  protein 
is  injected  upwards  through  the  carotid  artery,  much  smaller 
doses   are,  I  find,  required  to  produce  death,   than  when  the 
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protein  is  applied  by  other  methods.  It  must  be  pointed  out 
that  the  experiments  with  brain  substance  and  egg  albumin 
need  extension  in  many  directions,  and  that  at  present,  the 
utilization  of  the  results  is  undertaken  with  reserve.  The 
following  Table  (V)  shows  two  sets  of  experiments.  In  the 
first  series,  certain  mixtures  were  injected  intraperitoneally 
into  sensitized  guineapigs,  while  in  the  second,  normal  guinea- 
pigs  were  employed.  The  mixtures  included  1)  brain  sub- 
stance of  hypersensitive  guineapigs,   egg  albumin  and  normal 
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(a)  =  inactivated  serum. 

Res.  =  Residue  of  Brain  after  decanting  supernatant  fluid  of  centri- 
fuged  mixture.    Lip.  =  Suspension  of  lipoids  extracted  from  brain. 

The  amounts  of  brain  are  given,  either  as  1  part  of  fresh  brain  to  a 
given  number  of  parts  of  mixture,  or  as  a  fraction  of  a  brain,  or  as  a 
given  weight  of  dried  brain  substance. 
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guineapig's  serum,  2)  lipoid  extract  of  brain,  of  hypersen- 
sitive guineapigs,  egg  albumin  and  normal  guineapig's  serum, 
3)  brain  or  lipoid  and  albumin  only,  and  4)  the  emulsion 
of  the  brain  residue,  after  the  supernatant  fluid  in  the  above 
mixtures  had  been  removed.  It  will  be  seen  that  of  the  experi- 
ments in  which  sensitized  guineapigs  received  injections  of 
brain,  egg  albumin  and  normal  scrum  (Nos  1,  2,  4,  5,  8,  9, 
10  and  14),  only  two  guineapigs  (Nos  1  and  14)  died.  In 
all  cases,  the  amount  of  egg  albumin  used  was  sufficient  to 
kill.  In  Exp.  I,  only  0,3  ccm  of  normal  serum  was  used, 
while  in  experiment  14,  only  a  very  small  quantity  of  brain 
substance  was  used.  With  regard  to  the  first  point,  when 
inactivated  serum  was  substituted  for  fresh  serum,  the  animal 
showed  the  usual  signs  of  hypersensitization  (No.  13),  so  that 
it  would  appear  as  if  normal  serum  was  necessary  for  the 
combination  of  the  egg  albumin  and  the  receptor  of  the  cell. 
The  tw^o  experiments  carried  out  with  the  residue  of  the 
brain,  after  the  clear  fluid  had  been  removed,  showed  that 
the  brain  substance  under  these  conditions  either  did  not 
attract  to  itself  the  egg  albumin  or  if  it  did  so,  was  not  in  a 
condition  to  give  up  a  toxic  compound  of  egg  albumin  and 
receptor.  It  will  further  be  noticed  that  when  lipoid  suspen- 
sions were  substituted  for  brain  substance,  the  prevention  of 
symptoms  was  absent. 

The  negative  results  obtained  in  these  experiments  may 
be  explained  on  the  assumption  that  the  egg  albumin  attaches 
itself  to  the  sessile  reaction  product  in  the  brain  cells,  and  is 
therefore  removed  when  the  brain  cells  are  sedimented  by 
centrifugalization,  i.  e.  that  there  is  adsorption  of  the  egg 
albumin,  or  on  the  assumption  that  the  egg  albumin  is  ca- 
pable of  attracting  to  itself  the  reaction  product,  in  which 
case  it  would  be  incapable  of  combining  with  further  sessile 
receptors  in  the  brain  cells  of  other  sensitized  guineapigs. 
The  experiments  on  normal  guineapigs  tend  rather  to  support 
the  latter  assumption,  although  the  evidence  which  they  yield 
is  insufficient  to  form  the  basis  for  any  far  reaching  theories. 
Further  experiments  will  however  doubtless  clear  up  this 
point.  From  the  second  series,  it  will  be  seen  that  save 
when  large  amounts  of  normal  serum  were  used,  the  mixture 
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of  egg  albumin,  brain  and  normal  serum  proved  toxic  for 
normal  guineapigs.  In  each  case,  the  fluid  alone  was  injected, 
while  in  Nos  16  and  17,  only  the  brain  residue  was  injected 
with  a  negative  result.  One  of  these  animals  however  was 
found  to  be  hypersensitive  at  a  later  date,  which  clearly 
shows  thas  the  brain  cells  had  ad-  or  absorbed  some  egg 
albumin. 

Before  concluding  I  have  the  pleasant  duty  of  recording 
my  indebtedness  to:  the  late  Dr.  Ludwig  Mond,  for  his 
generosity  and  kindness  in  enabling  me  to  carry  out  the 
research;  to  Dr.  C.  J.  Martin,  F.  R.  S.,  the  Director  of  the 
Lister  Institute  of  Preventive  Medicine,  for  his  valuable  ad- 
vice and  supervision,  and  to  my  various  colleagues  at  the 
Lister  Institute  for  having  been  ready  at  all  times  to  render 
help  by  advising  and  controlling. 

Zusammenfassung. 

Die  Ergebnisse  der  vorliegenden  Arbeit  lassen  sich  etwa 
wie  folgt  zusammenfassen : 

Das  Ueberempfindlichkeitsphanomen  kann  leicht  mit  reinem 
EiereiweiC  hervorgerufen  werden.  Das  Studium  desselben  wird 
dadurch  begiinstigt,  daB  man  eine  reine  chemisch  scharf  ab- 
gegrenzte  Substanz  dazu  verwendet.  Im  Vergleich  mit  Serum 
hat  reines  EiereiweiC  den  groJSen  Vorzug,  daB  die  Reaktionen 
bezw.  die  krankhaften  Erscheinungen  durch  eine  einheitliche, 
statt  eine  komplizierte  Substanz  bedingt  werden. 

Die  erste  Dosis  des  EiereiweiB  darf  beliebig  groB  sein, 
jedoch  empfiehlt  es  sich,  mit  etwa  4 — 8  eg  zu  arbeiten.  Die 
zweite  Dosis  kann  gleichfalls  klein  oder  groB  gewahlt  werden, 
nur  sind  die  Ergebnisse  weniger  konstant,  wenn  weniger  als 
6  eg  eingespritzt  werden. 

Eine  sogenannte  passive  Uebertragung  der  Ueberempfind- 
lichkeit  kann  man  auch  mit  EiereiweiB  bewirken.  Das  Serum 
iiberempfindlicher  Meerschweinchen  eignet  sich  allerdings  nicht 
sehr  gut  zu  diesem  Zwecke,  wahrend  das  von  vorbehandelten 
Kaninchen  imstande  ist,  stets  Ueberempfindlichkeit  in  normalen 
Meerschweinchen  hervorzurufen. 

Ein  Serum  kann  auf  seine  Ueberempfindlichkeit  iiber- 
tragende   Fahigkeit    ungefahr    geschatzt   werden,    indem    die 


Hypersensibilitv  to  pure  egg  albumin.  725 

miniiiiale  Dosis,  die  noch  aktiv  ist,  festgestellt  wird.  Diese 
qualitative  Beurteilung  ist  aber  keine  priizise. 

Die  von  Victor  Vaughan  herstammende  Bcliauptung, 
daB  Eiklar  des  Hiilincreies  durch  Bchandlung  mit  alkoholischen 
Losungen  von  Natronlauge  in  zwei  Teile  gespaltet  werden 
kann,  wovon  dem  einen  die  Fahigkeit  innewohnt,  Tiere  iiber- 
empfindlich  zu  machen,  aber  keine  toxischen  Symptome  hervor- 
zurufen,  wahrend  der  zweite  letztere  Eigenschaft  nicht  besitzt, 
dagegen  die  Erscheinungen  der  Ueberempfindlichkeit  auslosen 
kann,  gilt  fiir  das  reine  EiereiweiB  nicht.  Die  nach  den  Vor- 
schriften  Victor  Vaughans  sorgfaltig  vorbereiteten  Spal- 
tungsprodukte  haben  ihre  anaphylaktisierenden ,  sowie  ihre 
vergiftenden  Eigenschaften  fast  ganzlich  verloren. 

Aus  diesen  sowie  aus  anderen  Versuchen  geht  deutlich 
hervor,  dalS  samtliche  Prozesse,  die  das  Proteinmolekul  zu 
spalten  befahigt  sind,  die  Eigenschaften  des  Proteins,  Tiere 
uberempfindlich  zu  machen  und  iiberempfindliche  Tiere  zu 
toten,   im  Verhaltnis   zu   dem  Grade   der   Spaltung  einbiiCen. 

Das  Reaktionsprodukt  des  Eiereiweifi  besitzt  den  Cha- 
rakter  eines  Ambozeptors.  In  vitro  gewinnt  eine  Mischung 
von  EiereiweiB,  Serum  eines  vorbehandelten  Tieres  und  nor- 
malem  Serum,  toxische  Eigenschaften,  die  EiereiweiB  allein 
nicht  besitzt. 

Es  liegen  Versuche  vor,  die  zeigen,  daB  die  Fahigkeiten 
eines  Serums,  Ueberempfindlichkeit  hervorzurufen  und  Kom- 
plement  abzulenken,  ungefahr  parallel  laufen.  Dagegen  ist 
hervorzuheben,  daB,  obgleich  einige  Kaninchenseren  imstande 
waren,  in  kleinen  Dosen  normale  Tiere  uberempfindlich  gegen- 
iiber  EiereiweiB  zu  machen,  keins  einen  ausgesprochenen  Prii- 
zipitingehalt  darbot.  Es  lassen  sich  iiberhaupt  mit  reinem  Eier- 
eiweiB  nur  schwer  Spuren  von  Prazipitin  hervorrufen,  und 
zwar  nur  dann,  wenn  alkalisch  reagierende  Losungen  verwendet 
werden.  Im  Meerschweinchenserum  ist  bisher  keine  Triibung, 
geschweige  denn  Fallung,  beobachtet  worden,  aber  dennoch 
wurden  zeitweise  EiereiweiBantikorper  darin  gefunden.  Die 
Vermutung  Friedbergers,  dafi  nur  ein  AntieiweiBkorper 
existiert,  ist  fiir  EiereiweiB  noch  nicht  bewiesen. 

Eine  langere  Serie  von  Versuchen  ist  dazu  verwendet 
worden,   um    das    Verhalten    der   Tiere   nach    iiberstandeneni 
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Shock  zu  studieren.  Daraiis  ergibt  sich,  daC  das  Ueberstehen 
deutlicher  Symptome  das  weitere  Bestehen  der  Ueberempfind- 
lichkeit  nicht  zu  storen  braucht.  Unter  gewissen  Bedingungen 
aber  wird  der  tierische  Organismus,  vermutlich  durch  die  Ein- 
wirkiing  von  einem  Ambozeptor-EiweiB- Antikorper,  auCer 
stand  gesetzt,  auf  weitere  Einfiihrung  von  Eiwei£  zu  reagieren. 

Was  das  weitere  Verhalten  der  Tiere  nach  der  dritten 
Einspritzung  anbetrifft,  so  ergibt  sich  aus  den  Versuchen,  dalS 
entweder  eine  wahre  Immunitat  sich  entwickelt,  oder  daB  das 
refraktare  Verhalten  eine  Zeitlang  anhalt  und  wieder  in  Ueber- 
empfindlichkeit  ubergeht.  Eine  gesetzmaKige  Abwechselung 
ist  nicht  beobachtet  worden,  und  die  Lehre  der  Anti- 
anaphylaxie  muB  deshalb  fiir  EiereiweiB  in  etwas  modifiziert 
werden. 

Es  sind  schlieJBlich  Versuche  erwahnt  worden,  die  die 
Annahme  zu  berechtigen  scheinen,  daB  im  Gehirn  vorbe- 
handelter  Meerschweinchen  sessile  Rezeptoren  existieren,  denen 
dieselben  Eigenschaften ,  wie  den  im  Serum  vorbehandelter 
Kaninchen  und  Meerschweinchen  existierenden  freien  Ambo- 
zeptoren,  innewohnen.  Es  sind  dies  aber  nur  vorlaufige  Ver- 
suche, die  noch  einer  weiteren  Bearbeitung  harren. 
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The  Etiology  and   Epidemiology  of   Paratyphoid  Fever  and 

"  Food-poisoning." 

By  F.  A.  Bainbridge,  M.D. 


Introduction. 

During  the  last  few  years  a  considerable  advance  has  been  made 
in  our  knowledge  of  the  distribution  of  the  bacilli  associated  with 
paratyphoid  fever  and  with  outbreaks  of  "food-poisoning."  It  seemed 
to  me,  therefore,  that  some  account  of  the  current  views  regarding  the 
relation  of  these  organisms  to  disease  in  man  might  be  of  interest  to 
the  members  of  this  Section  ;  these  views  will  be  discussed  in  the  light 
of  the  recent  improvements  which  have  been  made  in  the  differentiation 
of  the  organisms  concerned  in  these  infections.  I  propose  to  confine 
myself  as  far  as  possible  to  the  epidemiological  aspect  of  the  subject ; 
but  a  preliminary  reference  to  the  bacteriology  of  these  bacilli  is 
desirable,  since  they  are  closely  related  to  one  another  and  their 
identification  requires  care. 


Bacteriological  Differentiation. 

There  are  four  organisms  w^hich  have  often  been  found  at  one  time 
or  another  in  association  either  with  cases  of  paratyphoid  fever  or  with 
outbreaks  of  "  food-poisoning  "  (in  the  clinical  sense  of  the  termV     They 
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are  Bacillus  enteritidis  (Gaertner),  Bacillus  suipestifer  (or  Aertryck)^ 
Bacillus  paratypliosus  A  and  Bacillus  paratyphosus  B.  I  propose 
to  deal  with  these  bacilH  only  and  to  leave  out  of  consideration  Bacillus 
botidinus  and  other  organisms. 

The    means    by    which    these    four    bacilli    are    differentiated    and 
identified  are  shown  in  the  accompanying  scheme  : — 


Description  of  organism 


Cultural  characters, 
including  sugar  tests 


Agglutination  test       Absorption  test 


(1)  Bacillus  suipestifer  (or  Aertryck) 

(2)  Bacillus  paratyphosus 'B 

(3)  Bacillus  enteritidis  (Gaertner) 

(4)  Bacillus  par atyphosiis  A 


Identical 


Differs  from  the  others 


I  Usually  1 1  Differentiated 

I  indistinguishable  [    by  this  test 


Stands  alone 
Stands  alone 


Bacillus  paratypliosus  A  can  be  readily  identified  by  cultural 
methods  and  by  agglutination  tests  with  a  suitable  serum.  The  other 
three  organisms  are  identical  in  their  cultural  characters,  but  Bacillus 
enteritidis  (Gaertner)  can  be  differentiated  from  Bacillus  suipestifer  and 
paratypliosus  B  by  agglutination  tests.  Finally,  Bacillus  suipestifer 
and  Bacillus  paratypliosus  B,  which  are  usually — though  not  invariably 
— indistinguisnable  by  the  agglutination  method,  can  be  differentiated 
from  one  another  by  means  of  the  absorption  method  introduced  by 
Castellani. 

It  seems  clear  that  all  these  bacilli  can  be  differentiated  and  identified, 
if  suitable  methods  are  employed.  Many  German  writers,  however,  do 
not  use  the  absorption  method  for  this  group  of  bacilli  ;  as  a  result, 
they  draw  no  distinction  between  Bacillus  paratypliosus  B  and  Bacillus 
suipestifer,  but  include  these  two  bacilli  under  the  term  "  paratyphoid  " 
bacilli. 

The  fact  that  English  writers  regard  Bacillus  suipestifer  and  Bacillus 
paratypliosus  B  as  distinct  and  separate  bacilli,  whereas  some  German 
workers  regard  them  as  identical,  is  of  importance ;  it  accounts  to  a 
large  extent  for  the  existing  differences  of  opinion,  both  as  to  the  dis- 
tribution of  these  bacilli  and  as  to  their  relation  to  disease  in  man. 


HiSTOEICAL. 

(1)   As  you  are  aware.  Bacillus  enteritidis  was  isolated  by  Gaertner 
in  1888,  during  an  outln'eak  of  ''  food-poisoning,"  both  from  the  spleen 
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of  a  patient  and  from  the  meat  which  was  regarded  as  the  cause  of  the 
infection  ;  this  observation  was  the  starting  point  of  our  definite  bacterio- 
logical knowledge  of  ''  food-poisoning,"  although  organisms  of  some 
kind  had  previously  been  obtained  in  similar  outbreaks. 

(2)  The  next  step  was  taken  by  Durham  and  by  De  Nobele,  who, 
almost  at  the  same  time  in  1898,  obtained  from  cases  of  "  food-poison- 
ing "  and  from  the  suspected  food  a  bacillus  which  was  identical  in  its 
cultural  characters  with  Bacillus  enteritidls,  but  could  be  distinguished 
from  the  latter  by  agglutination  tests,  then  newly  introduced.  The 
bacillus  was  called  Bacillus  Aertryck,  this  being  the  name  of  the  village 
in  which  occurred  the  outbreak  recorded  by  De  Nobele.  Since  that 
time  it  has  been  isolated  in  many  outbreaks  oi  ''food-poisoning." 

Further  inquiry  has  also  shown  that  Bacillus  Aertryck  is  indis- 
tinguishable from  Bacillus  suipestifer — an  organism  which  occurs  in  the 
alimentary  canal  of  healthy  pigs  and  in  the  tissues  of  pigs  suffering  from 
swine  fever ;  and  the  two  organisms  are  almost  certainly  identical. 

(3)  Finally,  Schottmiiller  (1900-01)  obtained  two  bacilli  from  the 
blood  of  patients  whose  clinical  symptoms  resembled  those  of  enteric 
fever,  and  called  them  Bacillus  paratyphosus  A  and  B  respectively. 
Similar  bacilli  had  previously  been  isolated  by  Gwynn  (1898)  m  a  case 
of  paratyphoid  fever,  by  Achard  and  Bensaude  (1896)  from  the  urine  of 
a  case  of  clinical  enteric  fever,  and  by  Widal  (1897)  from  a  thyroid 
abscess.  During  the  last  few  years  a  large  number  of  cases  have  been 
recorded. 

Epidemiology. 
(I)    Paratyplioid  Fever. 

(1)  Bacillus  paratyphosus  A. — With  these  introductory  remarks, 
we  may  turn  to  the  epidemiological  significance  of  these  organisms. 
Bacillus  paratyphosus  A  may  be  very  briefly  considered.  It  has  never 
been  isolated  in  this  country,  and  comparatively  few  cases  have  been 
recorded  in  Germany  and  America.  In  India,  however,  paratyphoid  A 
fever  appears  to  be  not  uncommon.  Harvey  has  recently  described  ten 
cases  in  which  this  bacillus  was  isolated  either  from  the  blood  or  from  the 
excreta  ;  in  their  clinical  aspect  all  the  cases  resembled  enteric  fever. 
Semple  and  Greig  (at  Kasauli)  obtained  Bacillus  paratyphosus  A  from 
the  blood  or  excreta  of  four  cases,  which  also  resembled  enteric  fever. 
One  of  these  patients  became  a  temporary  carrier  for  some  weeks  after 
convalescence.     In  Sumatra,  Baermann  and  Eckersdorff  have  recorded 
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eight  cases  of  paratyphoid  A  fever,  and  a  small  epidemic  of  nineteen 
cases  was  observed  in  Paris.  Up  to  the  present  no  fatal  cases  have  been 
recorded  (apart  from  complication  with  other  diseases),  and  the  vast 
majority  of  the  cases  have  resembled  mild  enteric  fever,  although 
Bacillus  paratyphosKS  A  has  also  been  fomid  in  cases  of  acute  enteritis. 
It  has,  however,  been  obtained  on  two  occasions  from  the  gall-bladder 
during  operation  for  cholecystitis  or  gall-stones,  and  in  one  case  from  an 
abdominal  abscess.  With  one  exception,  this  bacillus  has  not  been  found 
in  healthy  men,  in  the  lower  animals,  or  in  food  or  water.  Both  Morgan 
and  Savage  have  obtained  from  the  intestinal  contents  of  healthy  pigs  an 
organism  which  is  identical  with  Bacillus  paratyphosus  A  in  its  cultural 
characters ;  but  it  is  not  agglutinated  by  paratyphoid  A  sera,  and  is 
probably  a  different  organism.  Since  the  distribution  of  Bacillus  para- 
typhosus A  is  practically  confined  to  patients  with  symptoms  resembling 
those  of  enteric  fever,  or  with  disease  of  the  gall-bladder,  and  since  the 
presence  of  agglutinins  for  this  organism  in  the  serum  of  the  patients 
points  to  an  infection,  it  may  fairly  be  regarded  (in  the  absence  of 
evidence  to  the  contrary)  as  the  causal  organism  of  their  illness.  Very 
little  is  known  concerning  the  existence  of  temporary  or  chronic  carriers, 
but  Harvey  and  Grattan  have  recently  described  a  small  outbreak 
(eight  cases)  of  paratyphoid  A  fever  which  was  apparently  caused  by 
a  cook,  who  had  recently  had  paratyphoid  A  fever  and  cholecystitis. 
The  examination  of  his  faeces  and  urine  was  negative,  but  the  outbreak 
came  to  an  end  as  soon  as  he  was  isolated. 

(2)  Bacillus  paratyphosus  B. — Schottmiiller  and  other  early  writers 
believed  that  Bacillus  paratyphosus  B  was  the  cause  of  the  illness  of 
those  patients  from  whose  blood  it  was  isolated,  and  this  view  has 
been  accepted  by  English  writers  (Boycott,  Savage,  Bainbridge)  and 
by  Seiffert  and  others.  Recently,  however,  Conradi  and  Hiibener  have 
put  forward  the  doctrine  that  the  isolation  of  ''paratyphoid"  bacilli 
from  the  excreta  (or  even  the  blood)  of  a  human  being  does  not  in  the 
least  indicate,  in  the  absence  of  other  evidence,  that  he  has  or  has  had 
paratyphoid  fever.  This  conclusion  is  based  upon  their  observations  on 
the  distribution  of  such  bacilli  in  Nature.  Thus  Conradi  found  so-called 
*'  paratyphoid  "  bacilli  in  29  out  of  250  typhoid  convalescents,  in  patients 
suffering  from  tuberculosis  and  other  diseases,  and  in  healthy  individuals. 
Prigge  and  Sachs-Miike  examined  the  faeces  of  5,252  individuals,  and 
found  ''  paratyphoid  "  bacilli  in  (30  cases,  apart  from  paratyphoid  fever. 
Further,  so-called  ''paratyphoid"  bacilli  have  been  found  in  sausages 
(Hiibener,   liommeler),    in    milk,   water,    and    in    meat.      Conradi    also 
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noticed  that  food  containing  these  bacilli  could  be  consumed  by  human 
beings  without  ill-effects. 

In  criticism  of  the  view  of  Conradi  and  Iliibener  it  may  be  pointed 
out,  in  the  first  place,  that  the  bacilli  which  they  (and  others)  isolated 
were  not  subniitted  to  absorption  tests,  and  that  it  remains  doubtful 
whether  they  were  dealing  with  Bacillus  suipestl/er  or  Bacillus  para- 
tijphosus  B.  In  point  of  fact,  all  such  strains  which  we  received  from 
these  writers  have  been  proved  by  absorption  tests  to  be  Bacillus  sui- 
pestifer.  Secondly,  most  of  those  observations  have  been  carried  out  in 
one  district  of  Germany,  and  they  are  totally  at  variance  with  the  results 
of  other  workers  in  Germany  and  in  this  country.  In  Berlin,  Sobern- 
heim  examined  1,000  samples  of  faeces  or  urine  from  healthy  men 
without  once  finding  Bacillus  paratypJiosus  B.  Six  hundred  samples 
of  human  faeces  were  examined  by  Seiffert,  with  completely  negative 
results.  In  this  country  Morgan  investigated  303  samples  of  faeces 
from  children  suffering  from  summer  diarrhoea;  Bacillus  paratijphosus'B 
was  not  found.  Savage  failed  to  find  Bacillus  paratypliosus  B  in  man, 
except  in  cases  of  paratyphoid  fever.  Dr.  O'Brien  and  myself  have 
recently  investigated  the  faeces  of  a  number  of  typhoid  convalescents 
with  completely  negative  results.  The  examination  of  the  faeces  of  the 
lower  animals,  and  of  meat  derived  from  such  animals,  has  proved  to  be 
equally  unsuccessful.  Zwick  and  Weichel  investigated  70  samples  of 
apparently  sound  meat,  and  Miiller  examined  50  samples  of  meat  from 
diseased  animals  (cows  and  calves)  ;  in  no  case  did  they  obtain  Bacillus 
paratyphosus  B.  The  investigation  of  pigs'  faeces  by  Morgan,  by 
Savage,  and  by  myself,  also  invariably  yielded  negative  results. 

In  the  hope  of'  throwing  further  light  on  the  distribution  of  Bacillus 
paratypJiosus  B,  Dr.  O'Brien  and  myself  procured  from  various 
sources,  mostly  German,  a  number  of  strains  of  "  paratyphoid  "  bacilli. 
Examination  of  these  strains  by  cultural  methods,  by  agglutination,  and 
by  absorption  tests  showed  that  they  fell  into  two  groups  :  one  identical 
with  standard  strains  of  Bacillus  suipestifer,  the  other  identical  with 
standard  strains  of  Bacillus  paratyphosus  B.  Further,  all  the  strains  of 
Bacillus  paratyphosus  B  were  derived  from  cases  of  paratyphoid  fever 
or  from  chronic  paratyphoid  carriers,  whereas  all  the  strains  derived 
from  food  or  "  food-poisoning  "  were  identical  with  Bacillux  suipesti/er. 
Taking  these  facts  into  consideration,  and  bearing  in  mind  that  there  is 
no  conclusive  evidence  that  the  "  paratyphoid-like  "  bacilli  isolated  by 
Conradi  and  others  are  really  Bacillus  paratyphosus  B,  it  seems  clear 
that  the  evidence  strongly  supports    the  view  that  the  distribution  of 
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Bacillus  paratyphosus  B  is  practically  confined  to  man.  It  is  probable, 
I  think,  that  its  normal  habitat  is  the  hmiian  alimentary  canal  (including 
the  bile-passages) ,  and  that  it  is  rarely  (if  ever)  found  in  man,  except  in 
cases  of  paratyphoid  fever  and  paratyphoid  carriers.  It  may  be  admitted, 
however,  that  such  carriers  may  cause  infection  not  only  directly  but 
also  by  contaminating  otherwise  sound  food,  just  as  is  the  case  with 
typhoid  carriers. 

This  conclusion  as  to  the  distribution  of  Bacillus  paratypJiosus  B 
is  of  epidemiological  importance.  In  the  first  place,  the  evidence  just 
detailed  that  this  organism  is  found  in  cases  of  paratyphoid  fever  and 
under  no  other  circumstances  points  to  its  being  the  actual  cause  of  the 
illness  of  those  patients  in  whom  it  is  found.  One  ought  to  mention, 
however,  that,  as  Schottmiiller  noticed  in  1904,  this  bacillus  is  capable 
of  giving  rise  not  merely  to  paratyphoid  fever  but  also  occasionally  to 
acute  gastro-enteritis.  An  acute  outbreak  of  this  character  has  recently 
been  recorded  by  Dr.  Dudfield  and  myself.  Secondly,  the  existence  of 
chronic  paratyphoid  carriers  (in  man)  brings  us  nearer  to  a  rational 
explanation  of  the  hitherto  obscure  epidemiology  of  paratyphoid  fever. 
Lentz  (1905-06)  was  apparently  the  first  to  call  attention  to  these 
carriers ;  he  recorded  six  cases,  one  of  whom  was  under  observation  for 
at  least  a  year.  Similar  cases  have  been  observed  by  Hamilton  (five 
cases),  Prigge  and  Sachs-Miike  (six  cases),  by  Gaehtgens  and  by  Meyer. 
Briickner  recently  examined  the  faeces  and  urine  of  316  individuals  who 
had  previously  had  an  attack  of  paratyphoid  or  enteric  fever.  He 
discovered  nine  typhoid  carriers  and  three  paratyphoid  carriers  ;  two 
of  the  latter  were  excreting  paratyphoid  bacilli  three  years  after  the 
original  attack  of  paratyphoid  fever.  Prigge  and  Sachs-Miike  found 
that  all  their  cases  give  a  positive  serum  reaction  for  Bacillus  para- 
typhosus B.  An  analysis  of  the  twenty-nine  carriers  recorded  by 
these  observers  brings  out  two  striking  facts  :  twenty-six  of  the  cases 
were  women  (the  sex  in  one  case  is  not  stated),  and  seven  of  the  cases 
were  suffering  from  cholecystitis  or  gall-stones.  Forster  and  Kayser, 
indeed,  isolated  Bacillus  paratyphosus  B  from  the  gall-bladder  of  a 
woman  ;  post  mortem,  gall-stones  were  found  in  her  gall-bladder.  It 
is  obvious,  therefore,  that  in  their  distribution  as  regards  sex,  in  the 
frequent  co-existence  of  biliary  disorders,  and  in  the  presence  of  agglu- 
tinins in  their  serum,  these  carriers  present  a  very  close  analogy  with 
typhoid  carriers. 

The  question  of  the  capacity  of  paratyphoid  carriers  to  cause 
infection  has  so  far  received  very  little  attention.     While  investigating 
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an  epidemic  of  enteric  fever,  Wernicke  (1907)  found  that  0  per  cent, 
of  the  cases  were  paratyphoid  fever ;  the  cause  of  the  epidemic  was 
traced  to  a  milkshop,  in  which  resided  (or  worked)  several  typhoid 
carriers  and  one  paratyphoid  carrier.  In  the  outbreak  recorded  by  Dr. 
Dudfield  and  myself  the  evidence  almost  certainly  excluded  an  ordinary 
food  infection,  and  pointed  to  infection  by  a  carrier  ;  the  blood  of  the 
individual  whom  we  believed  to  be  a  carrier  gave  a  positive  serum 
reaction  for  Bacillus  paratyphosus  B  long  after  the  outbreak,  although 
examination  of  the  faeces  (and  urine)  was  negative.  The  recent  outbreak 
of  gastro-enteritis  at  Wrexham  is  also  stated  to  have  been  caused  by 
Bacillus  paratyphosus  B,  and  is  attributed  to  infection  by  a  human 
carrier. 

Within  the  last  year  Sacquepee  and  Bellot  have  published  an  account 
of  an  epidemic  of  paratyphoid  fever,  and  have  given  good  grounds  for 
attributing  the  source  of  infection  to  a  carrier.  In  a  corps  of  2o0 
soldiers  in  France,  19  cases  of  paratyphoid  fever  occurred  in  the  course 
of  eight  days.  The  duration  of  the  illness  was  from  two  to  three  weeks, 
and  the  chnical  course  was  that  of  mild  enteric  fever;  no  deaths  occurred. 
Bacillus  paratyphosus  B  was  recovered  from  the  faeces  or  urine  of 
12  cases,  and  all  the  cases  gave  a  positive  serum  reaction  for  this  bacillus. 
An  inquiry  into  the  cause  of  the  infection  made  it  clear  that  the  water 
supply  could  be  excluded.  It  was  found,  however,  that  a  man,  who 
cooked  the  food  for  these  soldiers,  had  suffered  from  paratyphoid  fever 
a  short  time  before  the  occurrence  of  the  epidemic.  His  blood  gave  a 
positive  serum  reaction  for  Bacillus  paratyphosus  B,  and  this  bacillus 
was  obtained  from  his  stools.  Repeated  examinations  of  his  stools  were 
made  for  some  months,  always  with  a  positive  result,  and  there  can 
be  no  doubt  that  he  was  a  paratyphoid  carrier. 

The  foregoing  evidence,  incomplete  though  it  is,  as  to  the  distribution 
of  Bacillus  paratyphosus  B,  the  occurrence  of  persistent  paratyphoid 
carriers,  and  the  production  of  infection  by  such  carriers,  enables  one  to 
form  a  clear  conception  of  the  epidemiology  of  paratyphoid  fever.  The 
comparative  infrequency  of  paratyphoid  fever  in  this  country  (at  least 
3 — 6  per  cent,  of  clinical  enteric  fever  cases  are  really  paratyphoid)  and 
its  favourable  course  make  it  difficult  to  obtain  adequate  material  for 
investigation,  but  it  is  very  desirable  that,  whenever  such  cases  do  occur, 
a  careful  search  should  be  made  for  carriers. 
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(II)     ''  Food-poisoning y 

(3)  In  dealing  with  the  bacilh  associated  with  ''food-poisoning,"  one 
must  bear  in  mind  that  the  differentiation  of  Bacillus  enteritidis 
(Gaertner)  and  Bacillus  suipestifer  by  agglutination  tests  was  not  made 
until  1898.  Except  in  those  cases  in  which  the  strains  were  preserved 
until  the  introduction  of  the  agglutination  method  the  nature  of  the 
organisms  isolated  in  the  earlier  outbreaks  of  "  food-poisoning  "  remains 
doubtful.  The  available  evidence  concerning  the  association  of  Bacillus 
suipestifer  with  "food-poisoning"  is  further  narrowed  down  by  the 
omission  of  many  writers  to  distinguish  between  Bacillus  suipestifer  and 
Bacillus  paratyphosus  B,  and  by  their  description  of  the  bacilli  found 
in  such  outbreaks  as  "paratyphoid"  bacilli.  On  the  present  occasion 
I  have  taken  into  consideration  only  those  outbreaks  of  "food-poisoning" 
in  which  convincing  bacteriological  evidence  exists  as  to  the  nature  of 
the  organism  which  was  present.  In  some  outbreaks  of  "food-poisoning" 
Bacillus  suipestifei-  was  isolated  both  from  the  patients  and  from  the 
food  to  which  the  illness  was  attributed ;  in  others,  it  was  obtained  only 
from  the  food  or  from  the  patients.  In  most  instances  the  bacillus  was 
agglutinated  by  the  serum  (in  high  dilution)  of  the  patients.  Further, 
symptoms  of  illness  were  usually  manifested  only  by  those  who  had 
eaten  certain  articles  of  food  ;  this  food  was  almost  invariably  derived 
either  from  pigs  or  from  cattle.  In  some  cases  the  meat  came  from 
animals  which  had  been  ill,  and  were  slaughtered  for  that  reason ;  in 
other  cases  the  animals  were  stated  to  be  healthy. 

Distribution  of  Bacillus  suipestifer. — Recent  observation  has  tended 
to  raise  doubts  as  to  the  validity  of  the  foregoing  evidence  that  Bacillus 
suipestifer  causes  "  food-poisoning."  In  the  first  place,  it  has  been 
stated  that  this  organism  has  a  wide  distribution  in  Nature.  Uhlenhuth 
obtained  it  from  the  faeces  of  8  per  cent,  of  healthy  pigs,  and  similar 
figures  were  recorded  by  Beiffert.  Savage,  however,  examined  the 
excreta  of  a  number  of  healthy  cattle  and  horses,  with  completely 
negative  results.  I  have  recently  failed  to  find  Bacillus  suipestifer  in 
the  faeces  of  fifty  pigs.  There  is  no  doubt  that  Bacillus  suipestifer 
occurs  in  apparently  sound  food,  but  the  bacilli  seem  to  be  very  scanty, 
and  their  presence  is  only  demonstrable  by  special  methods.  Opinions 
differ  as  to  their  frequency  in  food,  and  the  recent  work  of  Sobernheim, 
Zwick  and  Weichel  and  Miiller  indicates  that  they  are  not  often 
present.  It  is  clear  that,  since  it  occurs  in  food,  Bacillus  suipestifer 
must  from  time  to  time  be  ingested  by  man ;  both  Hiibener  and  Conradi 
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found  thiit  moat  containing  this  hacillns  could  })e  enUm  by  human  beings 
with  impunity,  and  the  bacilli  could  be  obtained  from  the  fences  of  such 
people  on  the  following  day,  but  not  subsequently.  Prigge  also  noticed 
that  those  who  ate  such  meat  showed  no  sign  of  infection,  and  that 
their  serum  did  not  agglutinate  the  Imcillus  obtained  from  the  meat. 
Although  these  bacilli  are  described  as  "paratyphoid"  bacilli,  my 
observations  of  strains  derived  from  food  leads  me  to  believe  that 
the  writers  were  dealing  with  Bacillus  suipestlfer.  The  evidence 
for  the  distribution  of  Bacillus  suipestifer  in  man  is  conflicting. 
Sobernheim  and  Seiffert  failed  to  obtain  it  from  the  excreta  of  healthy 
men,  whereas  Conradi  regards  the  presence  of  ''paratyphoid"  bacilli  as 
of  frequent  occurrence.  In  this  country  it  has  very  rarely  been  found 
in  man  apart  from  outbreaks  of  "  food-poisoning,"  although  Murray, 
Williams,  and  Bundle  have  recently  isolated  it  in  seven  out  of  forty 
cases  of  summer  diarrhoea.  From  our  own  observations.  Dr.  O'Brien 
and  myself  are  disposed  to  believe  that  the  usual  habitat  of  Bacillus 
suipestifer  is  the  alimentary  canal  of  pigs  and  other  lower  animals,  and 
food  derived  from  such  animals,  although  it  is  not  very  often  present 
even  in  animals  and  food.  The  evidence  as  a  whole  suggests  that 
Bacillus  sidpestifer  has  a  regional  distribution,  occurring  much  less 
frequently  in  some  districts  and  countries  than  in  others.  Whether 
outbreaks  of  "  food-poisoning "  occur  more  often  in  those  districts  in 
which  this  organism  is  most  widely  distributed  is  not  known.  But  it 
seems  probable  that  in  this  country  and  in  some  parts  of  Germany, 
Bacillus  suipestifer  is  not  widely  distributed  either  in  healthy  animals  or 
food  or  healthy  men.  There  are  other  facts,  however,  which  arouse 
scepticism  as  to  its  capacity  to  initiate  an  infection.  The  observations 
of  Dorset  and  Bolton  (confirmed  by  Uhlenhuth,  Hiibener  and  Xy lander) 
have  made  it  perfectly  clear  that  swine  fever  is  caused  by  a  filter  passer, 
and  that  Bacillus  suipestifer,  which  was  at  one  time  regarded  as  the 
cause  of  the  disease,  is  merely  a  secondary  invader.  Petrie  and  O'Brien 
showed  that  it  played  an  equally  minor  part  in  an  epizootic  among 
guinea-pigs,  which  was  probably  caused  by  a  filter  passer.  It  is  further 
stated  that  the  consumption  by  man  of  the  flesh  of  pigs  dead  of  swine 
fever  has  rarely  given  rise  to  symptoms  of  "food-poisoning,"  although 
presumably  Bacillus  suipestifer  was  sometimes  present  in  the  meat. 

Belation  of  Bacillus  suipestifer  to  ''Food-poisoning.'' — In  forming 
an  opinion  as  to  the  relation  of  Bacillus  suipestifer  to  "  food-poisoning," 
two  groups  of  facts  must  be  taken  into  consideration.  On  the  one  hand, 
this  organism  can  frequently  be  isolated   from   the.  excreta  of  patients 
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suffering  from  ''food-poisoning,"  while  it  is  very  rarely  found  in  healthy 
people,  at  least  in  England,  The  outbreak  can  often  be  traced  to  a 
given  article  of  food,  and  the  same  bacillus  can  be  found  in  the  food. 
On  the  other  hand,  there  is  evidence  that  meat  containing  Bacillus  sui- 
pestifer  can  sometimes  be  eaten  without  ill-effects,  and  that  in  other 
diseases  it  is  merely  a  secondary  invader  and  does  not  initiate  the  illness. 
It  must  be  admitted,  I  think,  that  Bacillus  suipestifer  has  some  relation 
to  "food-poisoning,"  and  that  it  must  be  either  a  secondary  invader  or 
a  causal  organism  of  the  disease.  If  Bacillus  suipestifer  is  a  secondary 
invader  in  "  food-poisoning  "  in  man,  the  primary  cause  of  the  disease 
may  be  either  a  filter  passer  or  a  ptomaine.  There  is  no  direct  evidence 
for  the  presence  of  a  filter  passer ;  and,  unlike  filter-passer  infections, 
"food-poisoning"  is  not  contagious.  Nor  has  the  hypothesis  that 
"  food-poisoning  "  is  caused  by  ptomaines  received  any  support  during 
the  last  few  years.  The  evidence  for  this  view  is  still  slight  and 
indefinite  ;  and,  so  far  as  I  know,  no  one  has  yet  demonstrated  the 
presence  of  ptomaines  in  food  which  had  caused  "  food-poisoning." 
I  am  inclined,  therefore,  to  think  that  Bacillus  suipestifer  probably 
actually  causes  "  food-poisoning,"  although  it  is  not  yet  possible  to  reach 
a  final  conclusion  on  the  question.  But  it  appears  likely  that  it  is 
always  potentially  dangerous  to  man,  and  that  chance,  or  perhaps  the 
number  of  bacilli  ingested,  determines  whether  food  containing  this 
organism  does  or  does  not  set  up  disease.  We  know  that  Bacillus 
typhosus  is  occasionally  taken  in  by  the  mouth  and  excreted  without 
giving  rise  to  clinical  symptoms  of  disease.  It  has  also  been  noticed 
that,  when  food  containing  Bacillus  suipestifer  was  eaten  without  ill- 
effect,  the  number  of  bacilli  in  the  food  was  extremely  small.  Even 
during  outbreaks  of  "food-poisoning,"  individuals  are  met  with  who 
remain  in  good  health  although  they  have  eaten  the  suspected  food  and 
are  excreting  Bacillus  suipestifer  or  Bacillus  enteritidis  in  their  faeces. 
One  may  perhaps  regard  the  occasional  ingestion  of  this  bacillus  by 
man  without  ill-effect  as  showing  that  the  individual  was  less  sus- 
ceptible rather  than  that  the  bacillus  was  non-pathogenic. 

(4)  Bacillus  enteritidis  (Gaertner). — The  relation  of  Bacillus  enteri- 
tidis to  "  food-poisoning  '  is  not  difficult  to  establish,  since  it  can  be 
identified  with  certainty,  and  there  is  abundant  and  reliable  evidence 
as  to  its  distribution.  I  have  met  with  accounts  of  eleven  outbreaks  of 
"  food-poisoning  "  in  which  this  bacillus  was  obtained  either  from  the 
patients  or  from  the  food  to  which  the  illness  was  attributed,  or  from 
both  the  food  and  the  patients.     The  nature  of  the  bacillus  was  ascer- 
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tained  in  all  cases  by  cultural  and  agglutination  tests.  In  one  outl)r(-*ak 
the  cause  of  the  illness  was  said  to  Ik;  brawn,  in  another  pork  sausages; 
the  remainder  were  due  to  veal  oi-  be(!r,  and  in  eight  outbreaks  the 
animal  (whose  flesh  was  eaten)  was  ill  at  tho  time  when  it  was 
slaughtered.  The  fact  that  so  many  outbreaks  were  apparently  caused 
by  meat  derived  from  diseased  animals  seems  important,  since  their 
illness  would  tend  to  raise  the  virulence  of  Bacillus  enter itldis  and  to 
favour  its  extension  into  the  tissues  of  the  animals.  Apart  from  these 
outbreaks,  Bacillus  enteritidis  has  seldom  been  isolated  from  the  organs 
of  cattle  which  have  died  of  disease  or  been  killed  in  emergency. 
Miiller,  Edenhuizen,  and  Portet  examined  the  organs  of  healthy  or 
diseased  cattle  without  finding  Bacillus  enteritidis.  Nor  was  it  obtained 
by  Savage  from  the  faeces  of  cattle,  sheep,  and  pigs.  Sobernheim  exam- 
ined the  organs  of  a  very  large  number  of  healthy  animals,  and  twice 
isolated  Bacillus  enteritidis.  This  organism  is  of  rare  occurrence,  not 
only  in  animals  but  also  in  man.  It  has  been  found  only  five  times  in 
human  faeces — four  times  by  Morgan  in  cases  of  summer  diarrhoea,  and 
once  by  Savage  in  a  case  of  typhoid  fever.  Epizootics  associated  with 
the  presence  of  Bacillus  enteritidis  have  been  observed  by  Boycott, 
Dunbar,  Bainbridge,  and  others  in  rats  and  rabbits,  and  by  McConkey 
in  guinea-pigs ;  this  bacillus  was  apparently  the  actual  cause  of  all  the 
epizootics. 

During  the  last  few  years  bacterial  viruses  have  been  extensively 
employed  for  the  destruction  of  rats  ;  many  of  these  viruses  are  either 
pure  cultures  of  Bacillus  enteritidis  or  consist  of  foodstuff  containing 
this  bacillus.  The  administration  and  distribution  of  these  viruses  by 
unskilled  persons  must  almost  inevitably  expose  those  who  handle  the 
virus  to  some  risk  of  infection,  and  Handson  and  Williams  have  reported 
an  outbreak  of  "food-poisoning  "  in  which  they  consider  that  food  had 
become  infected  by  one  of  the  viruses.  No  direct  evidence  of  such 
infection  was  obtained,  but  the  epidemic  occurred  among  persons  who 
took  their  meals  in  the  room  in  which  the  virus  had  been  placed. 

Outbreaks  of  disease  in  man  traceable  to  infection  by  a  virus  are, 
however,  very  infrequent.  Many  samples  of  these  viruses  are  only 
slightly  virulent  even  for  rats,  and  the  dose  of  virus  which  those  who 
handle  it  are  likely  to  ingest  is  probably  small,  particularly  if  the  usual 
instructions  are  followed.  Moreover,  occasional  individual  instances  of 
infection  might  easily  escape  notice  and  fail  to  be  recorded.  These 
reasons  help  to  explain  why  Bacilhis  enteritidis  has  so  seldom  caused 
disease,  in  spite  of  its  extensive  employment  as  a  virus. 
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There  can  be  little  doubt,  from  the  evidence  just  detailed,  that 
Bacillus  enteritidis  can  cause  *'  food-poisoning."  Further  information 
is  needed,  however,  concerning  its  distribution  in  the  lower  animals  and 
the  possible  existence  of  animal  carriers. 

It  thus  appears  that  Bacillus  enteritidis,  Bacillus  suipestifer,  and 
Bacillus  paratyphosus  B  can  all  give  rise  to  the  clinical  symptoms  of 
"  food-poisoning."  In  the  case  of  Bacillus  paratyphosus  B  the  usual 
source  of  infection  is  probably  food  which  has  been  contaminated  by  a 
human  carrier  ;  in  the  case  of  Bacillus  suiiiestifer  and  Bacillus  enteritidis 
(Gaertner)  the  source  of  infection  is  food  derived  from  healthy  or 
diseased  animals,  and  containing  these  bacilli  from  the  outset.  The  two 
latter  organisms  are  probably  responsible  for  the  majority  of  food- 
poisoning  outbreaks.  In  outbreaks  associated  with  the  presence  of 
Bacillus  enteritidis  the  incriminated  food  has  usually  been  derived 
from  diseased  cattle;  in  outbreaks  associated  with  Bacillus  suipestifer 
the  food  has  been  derived  from  cattle  or  pigs.  The  possibility  that 
such  outbreaks  may  be  caused  by  bacterial  viruses  must  not  be  over- 
looked. 

In  conclusion,  it  is  obvious  that  these  facts  have  a  practical  value  for 
those  who  are  called  upon  to  investigate  outbreaks  of  "food-poisoning." 
It  is  of  importance  to  ascertain  what  organism  is  present  in  such  out- 
breaks, since  that  knowledge  gives  a  clue  to  the  most  probable  source  of 
the  infection.  Depending  upon  the  nature  of  the  bacillus  which  is 
found,  attention  can  be  at  once  directed  to  the  kind  of  food  in  which  the 
bacillus  usually  occurs,  or  a  search  may  be  made  for  a  human  carrier. 
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AN    OUTBEEAK    OF    ACUTE     GASTRO-ENTERITIS 
CAUSED   BY   B.  PAEATYFHOSUS  {B.). 

By  F.   a.   BAINBRIDGE,  M.D.,   F.R.C.R,  D.RH. 

Of  the  Lister  Institute  of  Preventive  Medicine, 

AND  R.   DUDFIELD,   M.A.,  M.B.,  D.R.H. 

(Medical  Officer  of  Health,  Paddington). 

History  of  the  Outbreak. 

On  June  14th,  1910,  the  attention  of  one  of  us  was  directed  by  the 
House  Physician  of  the  Hampstead  General  Hospital,  to  an  outbreak  in 
Paddington  of  what  was  thought  to  be  "  food-poisoning."  Two  of  the 
patients  were  at  the  time  under  his  care. 

The  history  of  the  outbreak  was  briefly  as  follows :  On  the  night 
of  the  10th — 11th  June,  eight  persons  out  of  twenty-nine  living  in  a 
high-class  boarding-house  were  taken  ill,  five  of  the  cases  being 
amongst  the  servants,  seven  in  number,  and  three  among  the  guests, 
twenty  in  number.  The  two  proprietors  of  the  house  were  not  affected. 
All  the  patients  were  females  and  with  one  exception  (aetat.  15)  adults, 
some  of  mature  age. 

The  symptoms  were  practically  the  same  in  all  the  cases,  but  one 
patient  was  much  less  affected  than  the  rest.  She  had,  by  coincidence, 
taken  a  purgative  on  the  night  of  the  9th  and  her  escape  from  an 
attack  of  a  severity  equal  to  that  of  the  others  may  be  attributed  to 
that  cause.  All  had  severe  abdominal  pain,  followed  by  vomiting  and 
persistent  and  violent  diarrhoea,  which  could  not  be  controlled  by  the 
usual  remedies.  Fever  supervened,  the  temperature  rising  as  high  as 
103°  F.  in  some  cases,  and  lasting  for  various  periods  up  to  a  week. 
There  were  no  indications  of  any  pulmonary  lesions,  or  of  any  splenic 
enlargement,  nor  was  there  any  delirium.     Some  of  the  more  elderly 
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patients  had  attacks  of  grave  syncope,  and,  with  the  exception  of  the 
case  aheady  mentioned,  convalescence  was  slow.  All  the  patients 
recovered. 

The  first  inquiries  were  naturally  directed  to  find  out  what  food 
had  been  the  cause  of  the  outbreak.  The  time  of  the  onset  of  the 
outbreak  and  the  fact  that  none  of  the  male  guests  had  been  attacked 
suggested  that  the  infected  food — if  there  had  been  any — had  been 
eaten  at  the  midday  meal  of  the  10th  at  which  only  one  male  guest 
had  been  present.  Careful  inquiries,  however,  failed  to  elicit  any 
evidence  of  any  item  of  the  menu  of  that  meal  having  been  taken  by 
the  patients  and  passed  by  those  who  escaped.  Still,  in  view  of  the 
well-known  capriciousness  manifested  in  the  attack  and  escape  of 
persons  partaking  of  infected  food,  it  was  thought  advisable  to  pursue 
inquiries  with  relation  to  each  article  of  food  provided  at  the  meals  of 
the  9th  and  10th.  The  results  of  the  inquiries  were  entirely  negative 
and  while  they  were  in  progress  the  bacteriological  examinations,  which 
are  described  below,  led  us  to  the  conclusion  that  food  infection  had  not 
been  operative. 

Samples  of  the  faeces  from  two  patients  were  received  on  the  14th 
and  forwarded  to  the  Lister  Institute,  the  patients  then  having  been 
three  days  ill.  It  was  not  known  at  the  time  that  one  of  the  patients 
had  been  treated  with  saline  irrigations  of  the  rectum,  but  that  informa- 
tion subsequently  explained  the  fact  of  her  faeces  yielding  practically  no 
growth.  The  specimens  when  received  were  quite  fluid  and  of  a  brilliant 
green  colour.  A  third  sample  was  received  on  the  17th  from  a  patient 
then  ill  six  days,  who  had  had  14  or  15  motions  on  that  day.  This 
patient  (Miss  L.)  was  upwards  of  70  years  old,  and  hers  was  one  of  the 
severest  cases  of  the  outbreak.  She  had  several  attacks  of  heart  failure, 
and  her  case  gave  rise,  at  one  time,  to  much  anxiety. 

Specimens  of  blood  were  obtained  from  six  of  the  patients  and 
submitted  to  agglutination  tests  at  the  Lister  Institute. 

In  the  course  of  the  investigation,  information  was  received  of 
similar  cases  in  Willesden,  Hampstead  and  Lambeth  which  were  thought 
to  have  been  connected  with  the  Paddiugton  outbreak.  Details  of 
those  cases  were  obtained  from  the  Medical  Officers  of  Health  of  the 
districts  named  and  such  information  is  summarised  in  the  following 
paragraphs : — 

(1)  A  group  of  cases  occurred  in  the  family  (named  H.)  of  the 
temporary  cook  at  the  boarding-house,  four  persons  being  taken  ill  during 
the  morning  of  the  14th.      All  had  abdominal  pain  and  diarrhoea,  but 
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vomiting  was  not  present  in  all  cases.  Tbere  was  a  history  of  dried 
haddock  being  eaten  at  supper  on  the  night  of  the  13th  but,  in  the 
light  of  other  evidence,  the  causal  relationship  between  the  fish  and 
the  illness  appears  to  be  doubtful.  Specimens  of  the  blood  from  two 
of  the  patients  (Mr  and  Miss  H.)  were  submitted  to  agglutination  tests. 

(2)  A  laundry  proprietor,  named  T.,  also  residing  in  Willesden, 
who  called  at  the  boarding-house  on  the  10th,  had  diarrhoea  on  that  and 
the  following  two  days,  which  he  attributed  to  eating  a  veal  and  ham 
pie  on  the  10th.  There  was  no  history  of  any  illness  among  the  other 
members  of  T.'s  family. 

(3)  A  further  case  in  the  same  district  was  reported  in  the  person 
of  a  woman  who  was  at  the  time  of  the  outbreak  kitchen-maid  at  the 
boarding-house,  but,  as  the  woman  was  said  to  have  taken  a  purgative 
just  before  her  attack  of  diarrhoea,  the  case  was  not  (unfortunately) 
followed  up. 

(4)  The  case  in  Hampstead  was  in  the  person  of  a  married  sister 
(Mrs  R.)  of  the  temporary  cook  at  the  boarding-house,  with  whom  the 
cook  lived.  Mrs  R.  visited  her  mother  Mrs  H.  in  Willesden  on  the 
13th  and  the  same  evening  had  severe  abdominal  pain,  followed  in 
the  morning  by  vomiting  and  diarrhoea.  Mrs  R.  did  not  share  the 
haddock  supper  to  which  the  H.'s  attributed  their  illness,  but  she  had 
a  piece  of  cold  fried  fish  brought  from  the  boarding-house  on  the 
previous  Sunday  (12th).  An  unavailing  attempt  was  made  to  secure 
a  specimen  of  Mrs  R.'s  blood. 

(5)  The  Lambeth  case  was  that  of  Mrs  D.  who  had  been  married 
only  a  short  time,  leaving  a  situation  in  the  boarding-house  for  that 
purpose.  She  visited  the  house  on  Monday  June  27th  to  see  one  of  the 
servants,  had  "  tea  "  in  a  bedroom  in  which  one  of  the  original  patients 
had  been  nursed  and  had  an  attack  on  the  following  day,  which  is  best 
described,  in  the  absence  of  medical  information,  in  her  own  words.  She 
wrote  to  her  friend  :  "  I  have  been  so  ill  since  I  saw  you  on  Monday.  All 
day  Tuesday  and  Wednesday  I  felt  as  though  I  was  going  to  die.  I  was 
sick  and  all  the  other  {sic)  all  day  and  night,  doubled  up  with  pain  and 
all  that  came  up  was  like  thick  green  paint."  Such  account  suggests 
that  Mrs  D.  had  a  pretty  severe  attack  of  diarrhoea  and  vomiting,  much 
the  same  as  the  inmates  of  the  boarding-house.  The  Medical  Officer 
of  Health  of  Lambeth  reported  that  Mrs  D.'s  medical  attendant 
described  the  case  as  one  of  ptomaine  poisoning.  The  "  tea  "  referred 
to  is  said  to  have  consisted  of  tea  and  bread  and  butter — no  potted 
meats.     A  specimen  of  Mrs  D.'s  blood  was  refused. 
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Bacteriological  Examination. 

{a)  Three  samples  of  faeces  were  received  during  the  outbreak, 
two  on  June  15th  from  Miss  G.  and  Miss  W.  and  one  on  June  ITtli 
from  Miss  L.  When  examined  by  the  methods  usually  employed  for 
such  cases,  the  faeces  of  Miss  W.  yielded  no  growth,  but  the  faeces 
of  Miss  G.  and  Miss  L.  yielded  cultures  which  were  identical  in  their 
cultural  characters  with  B.  paratyphosus  (B.).  The  nature  of  these 
cultures  was  determined  by  observing  their  agglutination  and  absorp- 
tion reactions  with  various  sera.  The  results  which  are  given  in 
Tables  I  and  II  show  that  both  the  strain  "  G  "  from  Miss  G.,  and  the 
strain  "  L  "  from  Miss  L.  were  indistinguishable  from  standard  strains  of 
B.  paratyphosus  (B.). 

These  results  show  that  the  bacilli  isolated  from  the  patients'  faeces 
were  B.  paratyphosus  (B.).     Strain  G  was  found  to  be  highly  virulent 

TABLE   I.     Agglutination  tests. 

The  Macroscopic  method  was  used,  and  the  agglutination  limits  were  observed  after 
incubation  for  2  hours  at  37°  C.     Controls  were  made  in  every  case. 


Serum 

A 

Organism 

B.  paratyphosus  (B.) 

B.  suipestifer 

B.  Gaertner 

B.  paratyphosus  (B.),  McWeeney 

20,000 

5,000 

<100 

B.  suipestifer  (Laboratory  strain, 

Lister  Institute) 

5,000 

10,000 

<100 

Strain  G  1 

20,000 

5,000 

<100 

Strain  G  2 

20,000 

5,000 

<100 

Strain  L 

20,000 

5,000 

<100 

jB.    Gaertner   (original   strain   of 

V.  Ermengen) 

<100 

<100 

6,000 

TABLE   11.     Absorption  tests. 

Macroscopic  method.     Agglutination  limits  after  absorption,  observed  after  incubation 
for  2  hours  at  37°  C.     Controls  made  in  every  case. 

Organisms 


Serum                   B. 

suipestifer 

B.  paratyphosus  (B.) 

strain  G 

Strain  L 

I.     B.  suipestifer. 
Original  titre 

5,000 

5,000 

5,000 

5,000 

B.  suipestifer.    Absorbed 
with  B.  paratyphosus  (B.) 

2,000 

<100 

<:100 

<100 

n.     B.  paratyphosus  {B.). 
Original  titre 

5,000 

20,000 

20,000 

20,000 

B.  paratyphosus  (B.).     Ab- 
sorbed with  B.  suipestifer 

<200 

10,000 

10,000 

— 
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for  guinea-pigs,  since  1/1000  c.c.  of  a  24-hour  broth  culture,  injected 
intraperitoneally,  killed  in  three  days. 

The  faeces  of  patients  G.  and  L.  were  filtered  through  a  Berkefeld 
filter,  and  a  dose  of  2  c.c.  of  the  filtrate  was  injected  into  a  guinea-pig 
without  producing  any  obvious  effect. 

(h)  Blood  was  obtained  from  six  of  the  patients  at  intervals  of 
10 — 20  days  after  the  onset  of  the  symptoms  and  agglutination  tests 
were  carried  out  for  strain  G.,  B.  suipestifer  and  B.  paratyphosus  (B.). 
It  will  be  seen  from  Table  III  that,  with  one  exception,  all  the 
patients'  blood  agglutinated  these  three  organisms  and  as  a  rule  to 
the  same  extent. 

The  serum  of  the  patients  was  pooled,  and  the  combined  serum 
was  absorbed  with  B.  suipestifer  and  B.  paratyphosus  (B.)  and  its 
agglutination  limits  after  absorption  were  ascertained  (Table  IV). 


TABLE    III.     Agglutination  tests  carried  out  with  the  patients*  sera. 


Wright's  method ;  controls 

were  made  in 

every 

case. 

ts'  serum 

Organism 

A 

Patien 

B.  paratyphosus 

(B.) 

B.  suipestifer 

strain  G 

(1)     Miss  G. 

1st  sample 

1—200 

1—200 

1—200 

(2) 

2nd      „ 

1—400 

— 

1—400 

(3)     B.  B. 

1     400 

1—400 

1     400 

(4)     Miss  W. 

1—200 

1—200 

1—200 

(5)     MrH.* 

1—400 

1—400 

1     400 

(6)     MissH.* 

1—400 

1—400 

1—400 

(7)     Mrs  W. 

1—100 

1—100 

1—100 

(8)     MrS. 

— 

— 

<1— 40 

(9)     Miss  L. 

<  1—200 

<  1—200 

<  1—200 

These  patients  resided  at  Willesden,  not  at  the  boarding-house. 


TABLE    IV.     Fooled  serum.     Absorption  test. 

Wright's  method.     Agglutination  limit  after  absorption,  observed  after  incubation  for 
2  hours  at  37°  C.     Controls  made  in  every  case. 


B. 

Organisms 

Serum 
Pooled  serum. 

suipestifer 

B.  paratyphosus 

(B.) 

Strain"^ 

(1)     Original  titre 

100 

100 

100 

(2)     After  absorption  with 
B.  suipestifer 

<20 

80 

80 

(3)     After  absorption  with 
B.  paratyphosus  (B.) 

<40 

<40 

<:40 
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Conclusions. 

It  thus  appears  that,  while  the  bacteriological  evidence  pointed  to 
only  one  organism,  viz.  B.paratypliosus  (B.),  as  the  cause  of  the  infection 
in  all  cases,  no  one  article  of  food  had  been  eaten  by  all  the  patients 
and  the  only  link  between  the  primary  outbreak  in  Paddington  and  the 
secondary  cases  in  Willesden,  Hampstead,  and  Lambeth,  was  furnished 
by  the  exchange  of  visits  between  the  different  houses.  A  considera- 
tion of  these  facts  made  it  clear  that  the  outbreak  was  almost  certainly 
not  caused  by  food,  and  an  attempt  was  made  to  find  a  paratyphoid- 
carrier.  The  existence  of  paratyphoid  (B.)  carriers  is  now  well  known 
(Lentz  [1905],  Prigge  and  Sachs-Muke  [1909]),  and  there  are  grounds 
for  supposing  that  this  organism  has  its  habitat  in  the  human  ali- 
mentary canal.  It  was  impossible,  however  (as  is  often  the  case  in 
such  outbreaks),  to  obtain  the  necessary  material  (blood  and  faeces) 
from  those  members  of  the  boarding-house,  who  had  not  been  ill,  and 
no  actual  carrier  was  found. 

For  a  time  suspicion  fell  upon  a  servant,  who  had  entered  the 
boarding-house  only  a  few  days  before  the  outbreak  took  place,  and  who 
had  remained  at  work  during  the  outbreak  (although  she  had  a  mild 
attack  of  diarrhoea);  but  the  examination  of  her  urine  and  faeces 
always  yielded  a  negative  result  as  regards  B.  paratyphosus  (B.)  although 
her  blood  still  agglutinated  this  organism  up  to  1 — 100  four  months 
after  the  outbreak. 

Nevertheless,  the  outbreak  is  of  interest  for  two  reasons.  In  the 
first  place,  it  is  clear  that,  as  Schottmliller  (1904)  pointed  out,  B.  para- 
typhosus (B.)  is  capable  of  giving  rise  not  only  to  paratyphoid  fever, 
but  also  to  acute  gastro-enteritis  simulating  "  food-poisoning,"  a  fact 
not  hitherto  observed  in  this  country.  Secondly,  the  distribution  and 
dates  of  onset  of  the  illness  of  the  various  cases  were  unlike  those 
of  ordinary  "food-poisoning,"  and  pointed  to  a  human  source  of 
infection. 
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Introduction. 

There  exists  at  the  present  time  considerable  difference  of  opinion 
both  as  to  the  distribution  in  nature  of  B.  paratyphosus  (B)  and  as  to 
its  relation  to  disease  in  man.  The  name  was  given  by  Schottmiiller 
(1900  and  1901)  to  a  bacillus,  which  he  isolated  from  patients  whose 
clinical  symptoms  were  those  of  enteric  fever,  and  which  he  regarded 
as  the  causal  organism  of  their  illness.  Further  enquiry  soon  showed 
that  this  bacillus  was  closely  related  to  B.  suipestifer  (or  aei^tryck)  which 
occurs  in  the  intestine  of  healthy  pigs  and  has  been  found  on  several 
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occasions  in  association  with  outbreaks  of  food-poisoning  in  man.  Almost 
all  writers  in  this  country,  however,  regard  them  as  distinct  organisms 
which  can  be  differentiated  from  one  another  sometimes  by  their 
agglutination  reactions  and  always,  as  both  Boycott  (1906)  and 
Bainbridge  (1909)  have  shown,  by  the  absorption  method ;  and  most 
workers  appear  to  have  experienced  no  difficulty  in  identifying  the 
strains  which  the}'  isolated  as  B.  suipestifer  or  B.  paratyphosus  (B) 
respectively.  The  majority  of  English  writers  therefore  limit  the  term 
B.  paratyphosus  (B)  to  those  bacilli  which  correspond  in  all  respects, 
including  their  reaction  to  absorption  tests,  to  original  strains  of  the 
bacillus  isolated  by  Schottmiiller. 

On  the  contrary  Kutscher  and  Meinecke  (1906),  Bock  (1906)  and 
others  regard  B.  suipestifer  and  B,  paratyphosus  (B)  s^s  indistinguishable 
from  one  another,  and  as  being  in  all  probability  identical  organisms;  with 
the  exception  of  a  few  observations  by  Bock,  who  was  able  to  differentiate 
B.  paratyphosus  (B)  from  B.  suipestifer,  the  absorption  method  was 
apparently  not  employed  by  these  observers.  This  conclusion  has  been 
generally  accepted  by  German  writers,  who  almost  without  exception 
describe  as  B.  paratyphosus  (B)  all  bacilli  whatever  their  source  may  be, 
which  correspond  in  their  cultural  and  agglutination  reactions  to  the 
"  paratyphoid "  group ;  and  they  draw  no  distinction  between  B. 
suipestifer  and  B.  paratyphosus  (B),  although  they  retain  the  term  B. 
suipestifer  for  the  organisms  of  this  group  which  are  derived  from 
pigs. 

Distribution  in  man. 

Since  some  writers  draw  a  distinction  between  B.  suipestifer  and  B. 
paratyphosus  (B),  whereas  others  do  not,  and  since  the  term  B. 
paratyphosus  (B)  is  not  used  in  the  same  sense  by  different  writers,  it 
is  hardly  to  be  expected  that  they  should  agree  as  to  the  distribution 
and  pathogenic  significance  of  "  paratyphoid "  bacilli.  The  evidence 
regarding  the  distribution  of  these  bacilli  in  man  is,  indeed,  remarkably 
conflicting.  On  the  one  hand  a  very  complete  investigation  of  the 
faeces  of  303  cases  of  summer  diarrhoea  by  Morgan  (1905-1907)  yielded 
only  two  strains  which  gave  the  cultural  and  agglutination  reactions 
characteristic  of  B.  suipestifer.  Savage  (1909)  examined  sixty  samples 
of  faeces  and  urine  from  typhoid  patients  and  from  healthy  individuals, 
but  failed  to  find  paratyphoid  (B)  bacilli  in  man  except  in  cases  of 
paratyphoid   fever;    Williams,   Bundle  and    Murray   (1910)  examined 
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the  stools  of  100  healthy  children  with  completely  negative  results. 
Nor  was  B.  paratyphosus  (B)  found  either  by  Seiffert  (1909)  who 
examined  the  faeces  of  600  healthy  men,  or  by  Sobernheim  (1910)  who 
investigated  1,000  samples  of  urine  and  faeces  from  healthy  men.  The 
conclusion,  to  which  these  observations  point,  is  that  the  paratyphoid 
(B)  bacillus  is  very  rarely  found  in  the  human  intestine  or  in  urine  apart 
from  cases  of  paratyphoid  fever. 

On  the  other  hand,  many  German  workers  have  brought  forward 
evidence  that  "  paratyphoid  "  bacilli  (in  the  wider  sense  of  the  term) 
can  be  obtained  from  the  faeces,  the  urine  and  even  the  blood  of  healthy 
individuals.  Thus,  Conradi  (1909)  isolated  "paratyphoid"  bacilli  from 
the  faeces  of  twenty-nine  out  of  250  typhoid  convalescents,  from  several 
typhoid  patients  and  "contact"  cases,  from  patients  suffering  from 
other  diseases,  and  from  healthy  individuals.  In  the  course  of  some 
years,  Prigge  and  Sachs-Muke  (1909)  examined  the  faeces  or  urine  (or 
both)  of  5,252  people,  and  found  "paratyphoid  "  bacilli  in  seventy  cases, 
apart  from  cases  of  paratyphoid  fever.  Similar  observations,  though  of 
a  less  striking  character,  have  been  published  by  Gaethgens  (1907)  and 
others. 


Distribution  in  ammals  and  food. 

The  distribution  of  the  "  paratyphoid  "  group  of  bacilli  in  food  and 
in  the  luwer  animals  has  received  hardly  any  attention  in  this  country, 
and  no  systematic  search  for  these  organisms  appears  to  have  been 
carried  out\ 

Recent  observations  by  Petrie  and  O'Brien  (1910),  however,  point 
to  the  frequent  occurrence  of  B.  suipestifer  in  healthy  guinea-pigs,  and 
O'Brien  C1910)  has  met  with  several  guinea-pigs  which  were  persistent 
carriers  of  this  bacillus.  In  the  course  of  the  bacteriological  examination 
of  850  glucose-fermenting  bacilli  obtained  from  many  samples  of  milk 
(number  not  stated),  Orr  (1908)  found  eight  strains  which  gave  the 
cultural  reactions  characteristic  of  the  "  paratyphoid  "  group,  but  were 
not  subjected  to  agglutination  tests.  Observations  on  the  presence  of 
these  organisms  in  meat  seem  to  be  entirely  lacking. 

In  Germany,  bacilli  of  the  "paratyphoid"  group  have  been  found 
in  milk  by  Fischer  (1903),  in  water  by  Conradi  (1904),  Briefer  and 

'  One  of  us  (F.  A.  B.)  has  recently  examined  the  intestinal  contents  of  50  healthy  pigs ; 
no  bacilli  of  this  group  were  found. 
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Keyset*  (1902),  in  sausages  by  Hiibener  (lliOS)  and  by  Rommeler 
(1909),  and  in  goose  (Spickganse)  by  Sohernheirn  (1910).  They  have 
also  been  obtained  from  the  intestinal  contents  of  healthy  pigs  by 
Uhlenhuth  (1908)  (S^/o)  and  by  Seiffert  (1909)  (3-5  %). 

On  the  ground  of  this  evidence  and  of  their  observation  that  the 
consumption  by  man  of  food  containing  these  bacilli  led  to  no  ill  effects, 
Hiibener  and  Conradi  consider  not  only  that  "  paratyphoid  "  bacilli  have 
a  wide  distribution  in  nature,  but  also  that  they  are  usually  harmless 
for  man,  and  that  the  isolation  of  these  bacilli  from  the  excreta  of  a 
human  being  is  no  indication  that  he  has  or  has  had  a  paratyphoid 
infection,  and  is  in  fact  of  no  special  significance. 

It  seemed  to  us  possible  that  an  enquiry  into  the  distribution  of  B. 
suipestifer  on  the  one  hand  and  of  B.  paratyphosus  (B)  on  the  other  hand 
might  furnish  some  evidence  as  to  their  pathogenic  significance,  and 
might  also  assist  in  explaining  the  opposing  views  now  held  by  various 
workers.  The  present  investigation  was  carried  out  from  this  point  of 
view. 


The  scope  of  the  present  enquiry. 


Although  the  cultural  characters  of  B.  enteritidis  (Gaertner)  are 
identical  with  those  of  5.  suipestifer,  both  B,  Gaertner  and  B.  paratyphosus 

(A)  are  clearly  marked  off  from  B.  suipestifer  and  B.  paratyphosus  (B) 
by  their  agglutination  reactions.  They  have,  therefore,  been  left  out 
of  consideration  in  this  paper,  and  the  term  "  paratyphoid  group  of 
bacilli,"  as  here  used,  includes  only  B.  suipestifer  and  B.  paratyphosus 

(B). 

The  investigation  of  the  "  paratyphoid  "  group  has  been  carried  out 

along  two  lines.  In  the  first  place,  the  faeces  and  urine  of  a  large 
number  of  typhoid  convalescents  were  examined  in  order  to  obtain  some 
evidence  as  to  the  prevalence  of  bacilli  of  the  *'  paratyphoid  "  group  in 
the  human  alimentary  canal,  apart  from  cases  of  paratyphoid  fever. 

Secondly,  a  considerable  number  of  strains  of  the  "  paratyphoid  " 
group  of  bacilli  was  obtained  from  various  sources.  They  were  compared 
with  standard,  recognised  strains  of  B.  suipestifer  and  B.  paratyphosus 

(B)  as  regards  their  cultural  characters  and  their  agglutination  and 
absorption  reactions.  Attention  was  particularly  directed  to  their 
absorption  reactions,  since  as  previously  mentioned  it  has  been  shown 
by  Boycott  (1906)  and  also  by  Bainbridge  (1909)  that  B.  suipestifer  und 
B,  paratyphosus  (B)  can  be  readily  differentiated  from  one  another  by 
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means  of  the  absorption  method  of  Castellani  (1902),  and  that  the  use 
of  this  method  is  essential  for  the  complete  identification  of  any  given 
strain  belonging  to  the  "  paratyphoid  "  group. 


Description  of  the  organisms  examined. 
The  following  strains  have  been  examined : — 


A.     Standard  strains. 

Description 
(a)     B.  paratyphosus  (B) 
(6) 

(c)     B.  suipestifer 
id) 

(e) 


Source 

Schottmiiller ;  original  strain  1901. 

Professor  McWeeney :  isolated  from  a  fatal 
case  of  paratyphoid  fever. 

Laboratory  strain  (Krai). 

Isolated  from  a  healthy  pig:  sent  by  Pro- 
fessor Uhlenhuth. 

Sent  by  Professor  Wassermann. 


These  strains  had  been  repeatedly  tested  by  the  absorption  method 
and  always  yielded  constant  results. 


B.     Fresh  strains. 

Description 

(1)  Eisenmeyer 

(2)  Bieber 

(3)  Kunz 

(4)  Vogt 

(5)  Schnorr 

(6)  Kant 

(7)  Ma 

(8)  Diisseldorf 

(9)  Heydr.  Ali 

(10)  Ba 

(11)  Liver 

(12)  Sausage 

(13)  Murrow 

(14)  Savage,  c 

(15)  ,,        w 

(16)  Lyons 

(17)  Winfield 

(18)  Gill 

(19)  Zender 

(20)  Lieblang 

(21)  Lister 

(22)  Bacillus  F 

(23)  Victoria 

(24)  Garten 


Source 
Paratyphoid  fever  case. 
Paratyphoid  carrier  (Dauertrager). 


Healthy  man. 

>»  »> 

"Sick  "man. 

»>  >> 

Food. 

Liver  cheese  (Leberkase). 
Blood  sausage  (Blutwurst). 
Food-poisoning  (patient). 
Paratyphoid  fever  case. 

)>  >»  M 

Food-poisoning  (patient). 

Paratyphoid  fever  case. 

Gastro-enteritis  (patient). 

Healthy  man. 

Paratyphoid  fever  case. 

Water. 

Summer  diarrhoea. 

Fatal  Ac.  gastro-enteritis  (?food). 
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Methods  employed. 

The  mode  of  carrying  out  the  cultural,  agglutination  and  absorption 
tests  has  been  described  in  detail  in  a  former  paper  (Bainbridge,  1!J09) 
and  reference  need  be  made  only  to  two  points.  In  the  first  place,  some 
difficulty  was  experienced  in  obtaining  highly  agglutinating  sera  by  the 
injection  of  killed  cultures  into  rabbits,  and  the  sera  agglutinated  equally 
both  B.  suipestifer  and  B.  paratyphosus  (B).  Sera,  obtained  from 
rabbits  injected  with  living  cultures,had  a  very  high  agglutination  titrefor 
the  homologous  organism,  and  a  distinctly  lower  titre  for  heterologous 
strains. 

Secondly,  attention  may  be  called  to  Dreyer's  observation  that  the 
absorption  of  agglutinins  consists  partly  in  a  specific  combination  of 
agglutinin  and  bacteria,  and  partly  in  a  non-specific  or  less  specific 
physical  absorption  of  agglutinin.  It  is  possible  by  the  addition  of 
very  large  amounts  of  a  heterologous  bacillus  to  remove  some  of  the 
homologous  agglutinin  from  a  serum,  but  we  have  not  succeeded  in 
removing  all  the  homologous  agglutinin  in  this  way.  The  difference 
between  the  amount  of  heterologous  bacilli  which  must  be  added  to  a 
serum  to  absorb  only  the  heterologous  agglutinin,  leaving  the  homologous 
agglutinin  intact,  and  that  necessary  to  absorb  much  of  the  homologous 
agglutinin,  is  so  large  that  errors  cannot  occur  if  reasonable  care  is  taken 
(as  may  be  seen  in  Tables  I  and  II).  As  a  rule,  one  or  two  trials 
suffice  to  determine  the  amount  of  heterologous  bacilli,  which  must 
be  added  to  a  serum  in  order  to  remove  the  heterologous  agglutinins 
— and  so  get  the  specific  effect — without  appreciably  affecting  the 
homologous  agglutinin;  when  this  amount  has  been  once  ascertained, 
the  result  can  be  reproduced  without  difficulty  on  subsequent  occasions. 
It  is  also  safer  and  preferable  to  measure  the  agglutination  limit  of  the 
serum  after  absorption  rather  than  merely  to  observe  the  agglutination 
at  one  or  two  dilutions,  and  it  is  important  in  every  experiment  to  test 
the  absorbed  serum  against  standard  strains  as  well  as  against  the 
organism  under  investigation.  The  absorption  method  is  also  much 
more  easily  carried  out,  and  the  results  obtained  are  much  sharper, 
when  sera  are  used  which  have  a  high  agglutination  titre  (10,000  or 
more). 

The  examination  of  the  faeces  and  urine  of  the  typhoid  convalescents 
was  carried  out  in  the  following  manner :  the  material  was  plated  out 
on  lactose-neutral-red-bile-salt  aofar  and  a   number  of   white  colonies 
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were  picked  off  into  maimite  broth  by  Dr  Ledingham,  who  kindly 
handed  on  to  us  all  cultures  which  formed  acid  and  gas  in  this  medium. 
The  cultures  were  replated  on  lactose-saccharose-bile-salt-neutral-red 
agar,  and  the  colourless  colonies  were  picked  off  into  dulcite  broth. 
The  cultures,  which  fermented  dulcite,  were  then  tested  by  all  the 
ordinary  cultural  tests  used  for  identification  of  bacilli  of  the 
"paratyphoid"  group. 


TABLE    I.     The  effect  of  'progressive  absorption  of  a  serum  with 

heterologous  bacilli. 

A  Paratyphoid  (B)  serum  was  absorbed  with  B.  suipestifer,  the  bacilli  being  added 
from  the  agar  slopes. 

Agglutination  limits  after  absorption 

, ^ ^ 

Paratyphoid  (B)  serum  B.  paratyphosus  (B)  B.  suipestifer  B.  aertryck 

Original  titre                 ...                 ...                 4,000                    1,000  1,000 

1st  absorption  with  3  slopes           ...                4,000                   <200  <200 

2nd        „             „     3  further  slopes                2,000                   <100  <100 

3rd         „              „     3       ,,           „                     1,000                      —  — 


TABLE    11.     7'Ae  effect  of  absorbing  a  serum  with  varying  amounts 

of  heterologous  bacilli. 

The  volume  of  serum  used  was  constant,  namely  2  c.c.  of  1 — 10  dilution ;  the  amount 
of  bacilli  added  varied  from  2 — 8  agar  slopes  of  approximately  uniform  size  and  density 
of  growth. 

A  B.  suipestifer  serum  was  absorbed  with  B.  paratyphosus  (B). 

Agglutination  limits  after  absorption 


Serum 

^^ 

.  suipestifer 

B. 

paratyphosus  (B) 

B.  suipestifer  serum.     Original  titre 

20,000 

5,000 

, ,            absorbed  with  2  slopes 

20,000 

<100 

*9                                       )'              4       ,, 

20,000 

<100 

»»                              >>          "     >> 

20,000 

— 

Results. 

(a)     Examination  of  typhoid  convalescents. 

It  is  now  generally  admitted  that  B.  suipestifer  and  B.  paratyphosus 
(B)  are  indistinguishable  by  their  cultural  reactions.  Briefly  these 
reactions  are  as  follows  : 

(1)  The  production  of  acid  and  gas  in  broth  containing  glucose, 
mannite,  dulcite,  laevulose,  galactose,  arabinose,  maltose  and  sorbite. 
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(2)  No  apparent  change  in  broth  containing  lactose,  naccharose, 
salicin,  raffinose  and  inulin. 

(3)  Litmus  milk  shows  an  initial  transient  acidity  not  often  lasting 
more  than  24  hours  ;  in  3 — 5  days  the  milk  is  definitely  alkaline  and  at 
the  end  of  a  week  intensely  alkaline ;  no  clot  is  formed,  and  there  is  no 
obvious  sign  of  digestion. 

(4)  No  indol  is  formed. 

(5)  Neutral  red  broth  is  usually  reduced  in  48  hours,  but  this  test 
is  less  reliable  than  the  others. 

When  subjected  to  these  tests,  not  one  of  the  341  colonies  which  we 
obtained  from  the  faeces  or  urine  of  approximately  300  typhoid  con- 
valescents, corresponded  in  its  cultural  characters  to  B.paratyphosus  (B). 
A  large  proportion  of  them  fermented  saccharose,  and  the  remainder 
produced  indol  and  fermented  salicin.  Several  of  the  strains,  which 
most  nearly  resembled  B.  paratyphosus  (B)  in  their  cultural  characters, 
were  tested  with  Gaertner  and  paratyphoid  (B)  sera,  but  none  of  them 
was  agglutinated  in  dilutions  higher  than  1 — 100  (Table  III).  Similar 
results  were  obtained  by  Savage  (1909).  We  have  in  fact  never  met 
with  any  organism  which  was  agglutinated  beyond  the  above  limit  by  a 
paratyphoid  (B)  (or  Gaertner)  serum,  unless  its  cultural  and  fermenta- 
tion characters  corresponded  in  all  respects  with  those  bacilli. 

TABLE  III.  Agglutination  reactions  of  strains  isolated  from  typhoid  con- 
valescents. These  strains  resembled  but  were  not  com,pletely  identical  tvith 
B.  paratyphosus  (B)  in  their  cultural  reactions. 


Strain 

Paratyphoid  serum 
(titre  20,000) 

Gaertner  serum 
(titre  5,000) 

1. 

2. 
3. 

Lythe 

Crowdy 

Newman 

<100 
<100 
<100 

<100 
<100 
<100 

4. 

B.  B.  3 

<100 

— 

5. 

K.  4 

<100 

— 

6. 

Roberts,  2 

<100 

— 

7. 

Robinson 

<100 

— 

8. 

B.  270 

<100 

<100 

These  results  entirely  confirm  those  of  Morgan  (1907),  Seitfert  (1909), 
Savage  (1909),  Williams,  Rundle  and  Murray  (1910),  as  opposed  to 
those°of  Conradi  (1909),  Gaethgens  (1907)  and  Prigge  and  Sachs-Muke 
(1909).  There  is  no  reason  to  suppose  that  the  diflferences  in  the 
technique  adopted  by  different  writers  for  the  isolation  of  this  group  of 
bacilli  account   for  these  conflicting  results.     The   differences  consist 
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almost  entirely  in  the  medium  used  for  plating  out  the  material  under 
investigation ;  some  workers  used  lactose-bile-salt-neutral-red  agar, 
others  use  malachite  green  and  Conradi-Drigalski  agar. 

A  partial  explanation  may  perhaps  be  found  in  the  fact  that  some 
workers  appear  not  to  make  use  of  dulcite,  saccharose  or  salicin  for  the 
identification  of  "  paratyphoid  "  bacilli,  and  may  in  some  cases  describe 
as  B.  paratyphosus  (B)  strains  which  would  be  excluded  by  others,  who 
apply  more  extensive  cultural  tests.  One  strain  sent  to  us  as  B. 
paratypJiosus  (B)  differed  widely  in  its  cultural  characters  from  standard 
strains  of  B.  paratyphosus  (B),  and  did  not  agglutinate  (beyond  a 
dilution  of  1  in  40)  with  paratyphoid  and  suipestifer  sera.  Morgan 
(1907)  has  shown  clearly  that  organisms  occur  with  considerable 
frequency  in  the  human  intestine,  which  in  some  respects  resemble 
'*  paratyphoid "  bacilli,  but  which  can  be  distinguished  from  them  by 
adequate  cultural  and  fermentation  tests. 

It  is  not  improbable,  however,  that  actual  differences  in  the  regional 
distribution  of  these  organisms  largely  account  for  the  apparently 
discordant  observations  of  various  writers.  Although  bacilli  of  the 
"  paratyphoid  "  group  have  very  rarely  been  isolated  (apart  from  cases 
of  paratyphoid  fever)  in  London,  Williams,  Rundle  and  Murray  (1910), 
working  in  Liverpool,  obtained  B.  suipestifer  from  seven  (probably 
seventeen)  cases  of  summer  diarrhoea.  Again  Sobernheim  (1910)  only 
occasionally  found  paratyphoid  bacilli  in  Berlin,  either  in  food  or  in 
healthy  men,  whereas  Conradi  (1909)  frequently  isolated  these 
organisms  from  typhoid  convalescents  and  healthy  men  in  Western 
Germany. 

Whether  the  distribution  of  these  bacilli  is  such  that  in  some 
districts  they  are  frequently  obtained  both  from  food  and  from  man,  and 
in  other  districts  they  are  rarely  met  with  in  food  or  in  man,  has  yet  to 
be  proved.  But  the  available  evidence  certainly  suggests  that  such  may 
be  the  case. 

(6)     Examination  oj  strains  of  the  paratyphoid  group. 

(1)  Cultural  characters. 

All  the  strains  gave  the  cultural  reactions  characteristic  of  the 
"  paratyphoid "  group  of  bacilli,  except  No.  20  (Lieblang),  which 
fermented  no  sugars  and  was  probably  B.  faecalis  alkaligenes. 

(2)  Agglutination  reactions. 

Four  sera  were  systematically  employed  for  the  carrying  out  of  the 
agglutination  tests,  and  in  addition  other  sera  were  occasionally  used. 
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The  results,  wliich  are  given  in  Table  IV,  show  that  with  one  or  two 
exceptions  all  the  strains  were  agglutinated  equally  well  by  the  sera 
(A  and  B)  obtained  from  rabbits,  which  had  been  injected  with  killed 
cultures  of  B.  suipestifer  and  B.  paratyphosus  (B).  In  the  case  of  the 
sera  (G  and  D)  obtained  by  the  injection  of  living  cultures  into  rabbits 
the  agglutination  limits  were  not  the  same  for  all  strains  and  some 
indication  was  revealed  of  the  existence  of  two  types  of  bacilli.  Some 
strains  behaved  like  the  standard  strains  of  B.  suipestifer,  others  like 


TABLE    IV.     Agglutination  reactions  of  the  strains. 


Serum 


Organisms 

A.  Standard  strains. 

(a)  B, paratyphosus  (B) 

(6) 

(c)  B,  suipestifer 

(d) 
(e) 

B.  Strains  investigated. 

(1)  Eisenmeyer 

(2)  Bieber    ... 

(3)  Kunz     ... 

(4)  Vogt      ... 

(5)  Schnorr 

(6)  Kant      ... 

(7)  Ma 

(8)  Diisseldorf 

(9)  Heydr.  Ali 

(10)  Ba 

(11)  Liver 

(12)  Sausage 

(13)  Murrow 

(14)  Savage,  c 

(15)  „        w 

(16)  Lyons    ... 

(17)  Winfield 

(18)  Gill 

(19)  Zender  ... 

(20)  Lieblang 

(21)  Lister    ... 

(22)  Bacillus  F 

(23)  Victoria 

(24)  Garton  ... 


From  rabbits  injected 
with  killed  cultures 

A 

From  rabbits  injected 
with  living  cultures 

A 

B 

C 

D      " 

Source 

B.  sui- 
pestifer 
Wassermann 

B.  para- 
typhouMS  (B) 
Schottmiillei 

B.  sui- 
pestifer 

B.  para- 
typhostuiB) 
McWeeney 

Schottmiiller  (1901)  original  strain        4,000 

2,000 

5,000 

20,000 

From  Prof.  McWeeney .. 

4,000 

2,000 

5,000 

20,000 

Laboratory  strain 

4,000 

2,000 

10,000 

10,000 

From  Prof.  Uhlenhuth.. 

4,000 

2,000 

10,000 

5,000 

From  Prof.  Wassermann 

— 

— 

10,000 

10,000 

Paratyphoid  fever  case  . . 

2,000 

2,000 

5,000 

20,000 

' '  Paratyphoid ' '  carrier  (Dauertrager)      4, 000 

2,000 

10,000 

20,000 

>>                  >> 

2,000 

1,000 

5,000 

20,000 

>>                  »> 

4,000 

2,000 

5,000 

20,000 

>  J                  >> 

4,000 

2,000 

5,000 

20,000 

Healthy  man  ... 

4,000 

2,000 

5,000 

20,000 

,,           ,,     ...             .. 

4,000 

2,000 

5,000 

20,000 

Food-poisoning  (patient) 

4,000 

100 

10,000 

<400 

"Sick  man"    ... 

2,000 

2,000 

10,000 

5,000 

Food... 

4,000 

2,000 

10,000 

5,000 

Liver  cheese  (Leberkase) 

4,000 

1,000 

10,000 

5,000 

Blood  sausage  (Blutwurst)           ...         4,000 

2,000 

10,000 

5,000 

Food-poisoning  (patient) 

4,000 

100 

10,000 

<200 

Paratyphoid  fever  case  . . 

4,000 

2,000 

5,000 

20,000 

>>                    >> 

— 

— 

5,000 

20,000 

Acute  gastro-enteritis    .. 

2,000 

1,000 

< 1,000 

<200 

Paratyphoid  fever  case  . . 

2,000 

2,000 

5,000 

10,000 

Acute  gastro-enteritis    .. 

4,000 

2,000 

io,m~>o 

20,000 

Healthy  man  ... 

1,000 

1,000 

10,000 

2,000 

Paratyphoid  fever  case  .. 

100 

<100 

<400 

<200 

Water  supply    .. 

— 

— 

2,000 

20,000 

Acute  gastro-enteritis    .. 

— 

— 

10,000 

5,000 

M                                    >> 

— 

— 

10,000 

5,000 

i  »                                    )  J                                     •  • 

— 

— 

10,000 

5.000 
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standard  strains  of  B.  paratyphosus  (B).  It  was  also  noticed  in  the  case 
of  serum  D,  that  some  strains  were  agglutinated  into  large  clumps 
leaving  a  clear  surrounding  fluid,  whereas  other  strains,  even  in  such  low 
dilution  of  the  serum  as  1  in  100,  formed  minute  clumps,  which  had 
little  or  no  tendency  to  settle  and  leave  a  clear  fluid.  The  absorption 
method  made  it  clear  that  with  serum  D  and  to  a  less  degree  with  other 
sera,  homologous  bacilli  tended  to  form  large  clumps,  while  heterologous 
bacilli  formed  small  clumps.  This  difference  has  also  been  observed  by 
Seligmann  and  Sobernheim  (1910),  although  they  did  not  attribute  any 
significance  to  the  observation. 

As  might  be  expected  from  its  cultural  characters,  strain  20 
(Lieblang)  was  not  agglutinated  by  any  of  the  sera  in  dilutions  higher 
than  1  in  100.  It  has  in  fact  been  our  experience  that  no  bacillus 
which  is  not  in  all  respects  identical  in  cultural  characters  with  B. 
suipestifer  (or  B.  paratyphosus  (B))  is  ever  agglutinated  beyond  dilutions 
of  1  in  100  by  a  suipestifer  or  paratyphosus  (B)  serum.  We  have  however 
met  with  two  organisms,  i.e.  Nos.  16  and  19,  which  although  identical 
in  cultural  characters  with  "paratyphoid"  bacilli  agglutinated  rather 
feebly  with  our  sera  as  compared  with  standard  strains  of  B.  suipestifer 
and  B.  paratyphosus  (B). 

It  may  be  added  that  none  of  our  sera  agglutinated  B.  typhosus, 
B.  enteritidis  Gaertner,  or  B.  paratyphosus  (B)  in  higher  dilutions  than 
1  in  100. 

(3)     Absorption  tests. 

The  absorption  method  was  introduced  by  Castellani  (1902)  and 
was  at  first  used  mainly  for  the  diagnosis  of  mixed  infections.  An 
obvious  extension  of  the  principle  underlying  the  absorption  method  is 
that,  if  all  the  agglutinins  formed  in  response  to  vaccination  with  a 
given  organism  are  removed  from  the  serum  not  only  by  it  but  also 
by  some  heterologous  organism,  the  two  organisms  must  be  identical. 

The  method,  if  employed  for  a  number  of  strains,  is  very  laborious 
and  in  the  case  of  the  ''paratyphoid  "  group  of  bacilli  it  can  be  used  in 
a  much  simpler  form.  It  has  been  shown  that  the  members  of  this 
group  of  bacilli  fall  into  two  and  only  two  classes,  namely,  one 
corresponding  in  all  respects  to  B.  suipestifer  (or  aertryck)  and  one 
corresponding  to  B.  paratyphosus  (B).  It  follows,  therefore,  that  a  serum 
which  has  been  absorbed  by  the  heterologous  organism,  is  all  that  is 
needed  for  the  identification  of  an  unknown  strain  belonging  to  this 
group.  Thus  if  a  paratyphosus  (B)  serum  is  absorbed  with  B.  suipestifer 
until  the  heterologous  agglutinin  is  removed,  it  will  still  agglutinate 
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paratyphosus  (B)  but  not  B.  suipestifer,  and  by  the  use  of  such  a  soruiu 
it  is  perfectly  simple  to  identify  an  unknown  strain,  since  an  organism 
which  gives  the  correct  cultural  reactions  and  is  agglutinated  in  high 
dilution  by  paratyphosus  (B)  or  suipestifer  sera,  can  only  be  B.  sui- 
pestifer or  B.  paratyphosus  (B),  so  far  as  is  known.  It  was  found 
unnecessary  to  absorb  the  sera  with  all  the  unknown  organisms,  and  we 
have  used  almost  entirely  B.  paratyphosus  (B)  sera  absorbed  with 
B.  suipestifer,  and  B.  suipestifer  sera  absorbed  with  B.  paratyphosus  (B). 
We  have  however  checked  our  results  for  some  strains  by  absorbing 
different  sera  with  unknown  strains  according  to  the  original  method  of 
Castellani. 

The  method  of  partial  absorption  was  found  to  be  very  satisfactory 
and  the  results  were  concordant ;  no  discrepancy  was  revealed  when  the 
sera  were  absorbed  by  unknown  strains.  It  is  desirable  nevertheless  to 
remove  the  heterologous  agglutinin  very  completely  since  different 
strains  vary  slightly  in  the  readiness  with  which  they  absorb  agglutinin 
from,  and  are  agglutinated  by,  a  given  serum.  This  variation  represents 
nothing  more  than  a  certain  individuality  among  members  of  the  same 
group  of  bacilli,  and  is  in  no  way  comparable  to  the  distinction  between 
B.  suipestifer  and  B.  paratyphosus  (B).  The  bacillus  "  F,"  recently 
described  by  Williams,  Rundle  and  Murray  (1.910),  is  an  interesting 
example  of  such  individuality.  These  authors  obtained  from  cases  of 
summer  diarrhoea  seven  strains,  three  of  which  were  identical  with 
B.  suipestifer,  whereas  four  gave  anomalous  absorption  reactions,  and 
were  regarded  by  the  writers  as  being  intermediate  between  B.  suipestifer 
and  B.  paratyphosus  (B)  and  were  called  bacillus  "  F."  Dr  Williams 
very  kindly  furnished  us  with  a  strain  of  this  organism,  and  also  a  serum 
homologous  for  it.  We  found  that  the  bacillus  gave  the  cultural  tests 
characteristic  of  the  "  paratyphoid  "  group.  Agglutination  and  absorption 
tests  gave  the  following  results,  the  organism  being  compared  with 
recognised  strains  of  B.  paratyphosus  (B)  and  B.  suipestifer : 


TABLE    V.     Agglutination  reaction.     Macroscopic  Method. 


Serum 
B.  suipestifer 

B.  paratyphosus  (B)  (McWeeney) ... 
Bacillus  F... 
B.  enteritidis  Gaertiier  (titre  5,000) 

Oi-gauisms 

1. 

2. 

3. 
4. 

Bacillus  F 

10,000 

5,000 

5,000 

<100 

Lab.  strain 
B.  auipesti/t-r 

10,000 

10,000 

5,000 

<100 

Pa  rat!/ ph.  (B) 
(McWeeney) 

5,000 

20,000 

2,000 

<100 

80  B.  paratyphosus  Group 


2. 


TABLE 

VI.     Absorption 

tests. 

Agglutination  limits  after  absorption 

Serum 
Bacillus  F. 

Bacillus  F 

B.  suipestifer 

Paratyph.  (B) 
(McWeeney) 

Original  titre... 
Abs.  with  Bacillus  F 

5,000 
<200 

5,000 
<200 

2,000 
<200 

,,          B.  suipestifer  ... 
,,         B.  paratyph.  (B) 

<200 
5,000 

<200 
5,000 

<200 
<200 

B.  suipestifer. 

Original  titre... 
Abs.  with  B.  paratyph.  (B) 
,,         Bacillus  F 

10,000 

10,000 

<50 

10,000 

10,000 

<50 

5,000 

<200 

<50 

B.  paratyphosus  (B). 

Original  titre... 
Abs.  with  B.  suipestifer  ... 
„         Bacillus  F 

Tj_*                   o      J  ^             1                .1 

5,000 
<400 
<400 

Tr»           -11                   TTI         • 

10,000 
<400 
<400 

1  • 

20,000 
10,000 
10,000 

•     111            /> 

It  is  perfectly  clear  that  Bacillus  F  is  indistinguishable  from 
recognised  strains  of  B.  suipestifer  and  that  the  slight  differences  noted 
by  Williams,  Bundle  and  Murray  disappear  when  the  sera  are  fairly 
completely  absorbed  and  the  agglutination  limits  are  subsequently 
determined.  These  authors^  have  accepted  the  results  of  our  observa- 
tions upon  Bacillus  F  and  also  our  interpretation  of  the  slightly 
different  results  which  they  obtained ;  and  they  now  regard  Bacillus  F 
as  identical  with  B,  suipestifer  and  not  as  a  separate  strain. 

The  general  results  obtained  by  the  absorption  method  are  set  forth 
in  Tables  VII — X^.  Table  VII  shows  the  results  obtained  with 
recognised  standard  strains  of  the  B.  suipestifer  and  B.  paratyphosus  (B). 
The  strains  obtained  for  investigation  have  been  arranged  in  three 
groups,  corresponding  to  their  mode  of  origin,  so  far  as  it  is  known. 

Group  I  (Table  VIII)  includes  all  strains  obtained  from  food  or 
from  outbreaks  of  illness,  clinically  resembling  acute  food -poisoning. 
Group  II  (Table  IX)  includes  all  the  strains  obtained  from  cases  of 
paratyphoid  fever,  and  from  persistent  paratyphoid  carriers  (Dauertrager). 
Group  III  (Table  X)  contains  strains  concerning  which  information  is 
inadequate  or  absent. 

^  Private  communication  kindly  made  by  Dr  Williams. 

2  Absorption  tests  were  also  made  with  the  sera  A  and  B ;  the  results  have  been 
omitted  since  they  were  identical  with  those  obtained  with  sera  C  and  D,  which  are 
recorded  in  Tables  VII — X. 
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With  two  exceptions,  the  strains  included  in  Group  I  are  identical 
with  the  standard  strains  of  B.  suipestifer.  Strain  No.  16  was  obtained 
from  a  severe  outbreak  of  food-poisoning  caused  apparently  by  infected 
goose-flesh.  It  has  all  the  cultural  characters  of  the  "paratyphoid" 
group,  but  agglutinates  very  slightly  with  suipestifer  and  paratyphosuH 
(B)  sera.  As  far  as  they  go,  its  agglutination  reactions  suggest  that  it 
is  a  strain  of  B.  suipestifer,  but  it  agglutinates  so  feebly  that  absorption 
tests  were  of  no  help  in  identifying  it.  This  is  the  only  strain  we  have 
found  to  be  culturally  identical  with  B.  suipestifer,  but  which  was 
agglutinated  only  slightly  by  suipestifer  and  paratyphosus  (B)  sera. 

Strain  No.  18  is  extremely  interesting.  It  was  obtained  from  the 
faeces  of  patients  suffering  from  acute  gastro-enteritis,  clinically  re- 
sembling food -poisoning.     Subsequent  enquiry  showed  that  the  outbreak 


TABLE    VII.     Absorption  test. 
Examination  of  standard  strains. 


Strains  examined 
(a)  B.paratyph.{B);  Schottmiiller 
{b)  ,,  McWeeney... 

(c)  B.  suipestifer ;  laboratory  strain 

(d)  ,,  Uhlenhuth      ... 

(e)  ,,  Wassermann   ... 


B.  suipestifer  serum.        B.paratyphosus{B)?,er\im. 


Agglutination  titre  before 

and  after  absorption  with 

B.  paratyphosus  (B) 


Original 
titre 

5,000 

5,000 

10,000 

10,000 

10,000 


Titre  after 
absorption 

<200 
<100 
5,000 
5,000 
5,000 


Agglutination  titre  before 

and  after  absori)tion  with 

B.  suipestifer 


Original 
titre 

20,000 
20,000 
10,000 
5,000 
10.000 


Titre  after 
absorption 

10,000 

10,000 

<200 

<200 

<400 


(1 
(2 
(3 
(4 
(5 
(6 
(7 

(9; 

(10 


TABLE    VIII.     Absorption  test. 

Group  I.     Examination  of  strains  obtained  from  food  or  from  cases  of 

acute  gastro-enteritis. 

B.  suipestifer  serum.        B. paratyphosus {B)seT\im. 


Strains  examined 
No.  10.     Food  ... 
No.  11.        „     ... 
No.  12.        „     ... 
No.  13.     Food  poisoning   ... 
No.  8. 

No.  18.     Ac.  gastro-enteritis 
No.  22. 
No.  23. 
No.  24. 
No.  16. 

Journ.  of  Hyg.  xi 


Agglutination  titre  before 

and  after  absorption  with 

B.  paratyphosus  (B) 


Original 
titre 

10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
<  1,000 


Titre  after 
absorption 

5,000 
5,000 
5,000 
5,000 
5,000 
<200 
5,000 
10,000 
10,000 
<400 


Agglutination  titre  before 

and  after  absorption  with 

B.  suipestifer 


Original 
titre 

5,000 

5,000 

5,000 

<200 

<:400 

20,000 

5,000 

5,000 

5,000 

<200 


Titre  after 
absorption 

<400 
<400 
<400 
<:200 
<400 
10,000 
<400 
<200 
<200 
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TABLE    IX.     Absorption  test. 
Group  II.     Strains  from  cases  of  paratyphoid  fever  or  persistent  "  paratyphoid  "  carriers. 

B.  suipestifer  serum.       B. paratyphosus  (B)  serum. 


Agglutination  limits  before 

and  after  absorption  witli 

B.  paratyjjhosus  (B) 


Agglutination  limits  before 

and  after  absorption  with 

B.  suipestifer 


/-- 

Original           Titre  after 

Original 

Titre  after 

strains  examined 

titre              absorption 

titre 

absorption 

(1) 

No.  1. 

Paratyphoid 

fever... 

5,000               <200 

20,000 

10,000 

(2) 

No.  2. 

carrier 

10,000                  100 

20,000 

10,000 

(3) 

No.  3. 

>  J 

5,000              <400 

20,000 

10,000 

(4) 

No.  4. 

>  > 

5,000              <400 

20,000 

10,000 

(5) 

No.  5. 

5> 

5,000              <200 

20,000 

10,000 

(6) 

No.  14. 

fever 

5,000              <400 

20,000 

10,000 

(7) 

No.  15. 

j> 

5,000              <400 

20,000 

10,000 

(8) 

No.  17. 

>> 

5,000              <400 

10,000 

10,000 

(9) 

No.  20. 

TABLE 

<400                — 
X.     Absorption  test. 

<200 

Group  III.     Strains  whose  origin  and  pathogenic  relationship  are  unknown  or  doubtful. 


B.  suipestifer  serum. 

Agglutination  limits  before 

and  after  absorption  with 

B.  paratyphosus  (B) 


B.  paratyphosus  (B)  serum. 

Agglutination  titre  before 

and  after  absorption  with 

B.  suipestifer 


Strains  examined 

(1)  No.  6.     Healthy  man 

(2)  No.  7. 

(3)  No.  19.        „ 

(4)  No.  9.     "Sick"  man 

(5)  No.  21.    Water    ... 


Original 
titre 

5,000 

5,000 

10,000 

10,000 

2,000 


Titre  after 
absorption 

<400 
<200 
<100 
10,000 
<200 


Original 
titre 

20,000 

20,000 

5,000 

5,000 

20,000 


Titre  after 
absorption 

10,000 

10,000 

<200 

<200 

10,000 


had  not  been  caused  by  diseased  food,  but  was  possibly  brought  about 
by  a  human  paratyphoid  carrier,  and  that  it  is  not  a  genuine  example 
of  food-poisoning. 

All  the  strains  included  in  Group  II  are  identical  with  B.  paratyphosus 
(B),  except  No.  20,  which  was  not  agglutinated  by  suipestifer,  para- 
typhosus (B)  (or  Gaeftner)  sera,  although  its  cultural  characters  were 
identical  with  those  of  B.  paratyphosus  (B). 

No  definite  history  of  the  strains  included  in  Group  III  could  be 
obtained.  Three  were  from  healthy  men,  but  it  was  not  known  whether 
they  were  true  paratyphoid  carriers,  or  whether  they  had  recently 
suffered  from  paratyphoid  fever  or  food-poisoning.  One  was  from  a 
"  sick  "  man,  but  the  nature  and  causation  of  the  illness  could  not  be 
ascertained  by  us.     Strain  No.  21  was  isolated  from  a  well  vvatej:  which 
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was  otherwise  bacteriologically  satisfactory;  wo  further  information 
could  be  obtained  with  regard  to  it,  except  that  attacks  of  jaundice  had 
occurred  among  those  who  drank  the  water. 

It  thus  appears  that  with  two  exceptions  (Nos.  IG  and  19)  all  the 
strains  which  we  examined  could  be  identified  without  difficulty  by  the 
absorption  method  as  either  B.  saipestifer  or  B.  paratyphosus  (B).  Every 
strain  which  was  agglutinated  by  suipestifer  and  paratyphoid  sera  gave 
perfectly  sharp  and  definite  results  when  tested  by  the  absorption 
method.  The  strains,  which  were  obtained  from  undoubted  cases  of 
paratyphoid  fever  or  persistent  carriers,  were  all  identical  with  standard 
strains  of  B.  paratyphosus  (B),  while  the  organisms  obtained  from  food 
or  from  outbreaks  of  illness  definitely  attributable  to  infection  by  food 
were  identical  with  B.  suipestifer. 

Discussion  of  results. 

There  seems  to  be  no  doubt  that  those  strains  of  bacilli  which,  by 
virtue  of  their  cultural  characters  and  agglutination  reactions,  belong  to 
the  paratyphoid  group,  can  be  further  separated  into  two  classes  by 
means  of  the  absorption  methods  We  regard  the  distinction  which  is 
revealed  by  this  method  as  a  real  one,  and  we  consider  that,  although 
they  are  closely  related,  B.  suipestifer  (with  which  B.  aertryck  is 
identical)  and  B.  paratyphosus  (B)  are  different  organisms. 

It  has  now  been  shpwn  that  B.  paratyphosus  (B)  causes  not  only 
paratyphoid  fever,  but  also  sudden  acute  illness  (Bainbridge  and 
Dudfield,  1911);  and  the  distinction  formerly  drawn  on  clinical  grounds 
between  infection  by  B.  suipestifer  and  by  B.  paratyphosus  (B)  can  no 
longer  be  maintained.  Nevertheless,  the  distinction  between  these 
two  organisms  is  of  importance  from  an  epidemiological  point  of  view, 
since  they  appear  to  have  a  different  distribution  in  nature. 

Although  we  have  not  examined  a  very  large  number  of  strains,  all 
the  strains  of  B.  paratyphosus  (B)  in  our  series  were  derived  from  man. 
We  are  disposed  to  regard  the  human  alimentary  canal  (including  the 
bile  passages)  as  the  normal  habitat  of  B.  paratyphosus  (B)  while 
admitting  that  paratyphoid  "carriers"  may  cause  infection  not  only 
directly  but  also   indirectly   by   contaminating   otherwise   sound    tood, 

1  Dr  H.  R.  Dean  has  examined  a  number  of  the  strains  of  our  series  by  the  complement 
deviation  method ;  his  results  confirm  our  observations  and  show  that  strains  of  B.  sui- 
pestifer and  B.  paratyphosus  (B)  can  be  differentiated  from  one  another.  (Private 
communication.) 
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just  as  is  the  case  with  typhoid  carriers.  Under  these  circumstances 
it  is  to  be  expected  that  the  bacilli  may  occasionally  be  found  in 
food,  polluted  by  a  carrier,  although  we  have  not  met  with  such  an 
instance. 

Lentz  (1905)  appears  to  have  been  the  first  to  recognise  the 
existence  of  persistent  paratyphoid  carriers;  in  1905,  he  recorded 
five  cases,  one  of  whom  had  possibly  given  rise  to  a  small  epidemic  of 
paratyphoid  fever.  During  the  investigation  of  a  typhoid  epidemic, 
Wernicke  (1907)  found  a  paratyphoid  carrier,  who  was  employed  in  a 
milk  shop;  and  the  evidence  suggested  that  a  number  of  cases  of 
paratyphoid  fever  were  caused  by  this  carrier. 

More  recently,  Prigge  (1909)  has  described  several  persistent  carriers, 
whose  serum  agglutinated  paratyphoid  bacilli,  and  who  had  either 
suffered  from  paratyphoid  fever,  or  had  been  in  contact  with  cases  of 
paratyphoid  fever.  Strains  Ncs.  2,  3,  4,  and  5,  of  our  series  were  obtained 
from  these  cases.  The  frequency  in  carriers  of  disease  of  the  bile- 
passages  is  also  of  interest.  Hamilton  (1910)  examined  twenty-four 
cases  of  chronic  cholecystitis  and  found  five  carriers,  and  Gaethgens 
(1907)  met  with  two  carriers,  who  were  suffering  from  chronic 
cholelithiasis ;  almost  all  these  carriers  were  women.  No  paratyphoid 
carrier  has  yet  been  recorded  in  this  country  although  the  outbreak 
of  illness,  from  which  strain  No.  18  was  obtained,  was  thought,  mainly 
on  epidemiological  grounds,  to  be  caused  by  a  carrier^ 

The  part  played  by  carriers  in  the  causation  of  paratyphoid  fever 
has  still  to  be  worked  out,  but  it  seems  possible  that  careful  search 
for  carriers  among  those  in  actual  contact  with  cases  of  paratyphoid 
fever  may  furnish  a  clue  to  the  epidemiology  of  that  disease. 

In  contrast  to  B.  paratyphosus  (B),  it  appears  from  our  observations 
that  the  usual  habitats  of  B.  suipestifer  are  first  the  alimentary  canal 
of  the  pig  and  perhaps  other  domestic  animals,  and,  secondly,  meat 
derived  from  such  animals.  No  unimpeachable  evidence  has  been 
brought  forward  as  to  the  prevalence  in  this  country  of  B.  suipestifer  in 
food  or  in  the  lower  animals.  The  observations  of  Morgan'-^  (1905),  who 
obtained  this  organism  by  injecting  into  guinea-pigs  mixed  cultures 
from  the  faeces  of  pigs,  are  open  to  criticism,  since  Petrie  and  O'Brien 
(1910)  have  shown  that  it  may  often  be  obtained  from  healthy  guinea- 

^  A  recent  epidemic  of  gastroenteritis  at  Wrexham  is  attributed  to  infection  by  a 
paratyphoid  carrier.     (See  p.  89  this  Journal.     Ed.) 

2  Dr  Morgan  himself  now  regards  the  results  of  these  experiments  as  inconclusive. 
(Private  communication.) 
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pigs;  and  there  is  other  evidence  that  it  may  be  obtained  from 
guinea-pigs  inoculated  witii  material  in  which  this  ])acinus  was 
certainly  not  present. 

In  Germany,  however,  both  Uhlenhuth  (1908)  and  Seiffert  (1909) 
have  obtained  B.  suipestifer  from  the  alimentary  canal  of  the  pig  in  a 
fair  percentage  of  cases ;  and  the  strains  Nos.  10, 11  and  12  of  our  series, 
which  were  isolated  from  apparently  healthy  food  by  German  workers, 
were  identical  with  standard  strains  of  B.  suipestifer. 

Although  the  recent  observations  of  Sobernheim  (1910)  and  of 
Zwick  and  Weichel  (1910)  seem  to  show  that  bacilli  of  the  "paratyphoid" 
group  are  much  less  often  present  in  food  (in  some  parts  of  Germany) 
than  was  at  first  supposed,  there  is  no  doubt  of  their  occurrence  in 
apparently  healthy  food.  Under  these  circumstances  they  must,  from 
time  to  time,  be  ingested  by  man,  although  their  stay  in  the  human 
alimentary  canal  is  apparently  very  transitory.  Thus  Conradi  (1909) 
found  that  when  meat  containing  these  bacilli  was  eaten  by  man,  they 
could  be  obtained  from  the  faeces  on  the  following  day,  but  not 
subsequently.  Prigge  (1909)  also  noticed  that  individuals  who  ate  such 
meat,  showed  no  evidence  of  infection,  and  that  the  transitory  occurrence 
of  bacilli  of  the  "  paratyphoid  "  group  in  their  alimentary  canal  did  not 
increase  the  agglutinating  power  of  their  blood  for  these  bacilli.  It 
may  be  noted  that  persistent  B.  suipestifer  carriers  have  not  been 
observed  in  man.  If,  as  our  observations  lead  us  to  suppose,  these 
writers  were  dealing  with  strains  of  B.  suipestifer  it  would  appear  that 
the  isolation  on  a  single  occasion  of  B.  suipestifer  from  the  faeces  of  a 
healthy  man,  whose  serum  does  not  agglutinate  the  organism  in  higher 
dilutions  than  that  of  normal  individuals,  has  no  pathological  signi- 
ficance. 

Nevertheless,  outbreaks  of  acute  gastro-enteritis  have  occurred 
(Durham,  1898,  and  De  Nobele,  1898)  in  which  the  epidemiological 
evidence  pointed  to  infection  by  food,  in  which  B.  suipestifer  was 
isolated  both  from  the  food  and  from  the  excretions  or  organs  of  the 
patients,  and  in  which  the  serum  of  the  patients  agglutinated  this 
organism  in  high  dilutions.  Such  evidence  that  B.  suipestifer  is 
capable  of  causing  acute  infection  cannot  be  disregarded,  although  the 
role  of  this  organism  in  swine  fever  may  arouse  scepticism  as  to  its 
capacity  to  initiate  an  infection.  In  swine  fever  and  epizootics  among 
guinea-pigs,  it  appears  to  be  merely  a  secondary  invader  and  not 
primarily  a  cause  of  the  infection^;  and  it  would  be  a  matter  of  great 
1  Uhlenhuth  and  Hiibener  (1908);  Petrie  and  O'Brien  (1910). 


86  B.  paratyphosus  Group 

interest  if   B.  sidpestifer  should  prove  to  occupy  a  similar  subsidiary 
position  in  relation  to  '*  food-poisoning  "  outbreaks  in  man. 

Fuither  investigation  is  needed  in  order  to  account  for  the  occur- 
rence of  this  organism  in  man  at  one  time  as  an  apparently  harmless 
saprophyte,  at  another  in  association  with  acute  gastro-enteritis. 


Summary  and  conclusions. 

1.  The  term  "  paratyphoid  group  of  bacilli "  has  been  confined 
in  the  present  enquiry  to  those  strains  which  in  their  cultural 
characters  and  agglutination  reactions  are  indistinguishable  from  B. 
suipestifer  and  B.  paratyphosus  (B).  B.  enteiitidis  Gaertner  and  B. 
paratyphosus  (A)  are  excluded. 

2.  The  strains  of  bacilli  belonging  to  the  "  paratyphoid  "  group  can 
be  separated  into  two  classes  by  means  of  the  absorption  method,  namely 
one  group  identical  with  recognised,  standard  strains  of  B.  suipestifer 
and  one  identical  with  standard  strains  of  B.  paratyphosus  (B);  and  we 
regard  these  two  bacilli  as  separate  organisms. 

3.  In  our  experience,  B.  suipestifer  has  been  found  only  in  food  or 
in  outbreaks  of  acute  illness  attributable  to  food-poisoning,  whereas  B. 
paratyphosus  (B)  has  been  found  in  cases  of  paratyphoid  fever  or  in 
persistent  paratyphoid  "  carriers." 

4.  We  are  disposed  to  put  forward  the  suggestion  indicated  by 
these  observations,  that  these  two  organisms  have  a  different  distribu- 
tion in  nature,  the  normal  habitat  of  B.  suipestifer  being  the  alimentary 
canal  of  the  pig  (and  other  animals)  and  of  food  derived  from  such 
animals,  whereas  the  normal  habitat  of  B.  paratyphosus  (B)  is  the 
human  alimentary  tract  (including  the  gall-bladder). 

5.  The  examination  of  cultures  from  the  faeces  and  urine  of  300 
typhoid  convalescents  was  completely  negative,  neither  B.  suipestifer 
nor  B.  paratyphosus  (B)  being  obtained.  These  observations  confirm 
those  of  other  writers,  and,  apart  from  carrier  cases,  the  occurrence  of 
B.  paratyphosus  (B)  in  healthy  human  beings  appears  to  be  unknown  in 
this  country. 

Our  thanks  are  due  to  Drs  Fisher,  Trautmann,  Uhlenhuth,  Williams, 
Rommeler,  Prigge,  Schern,  Friedrichs,  Savage  and  Fowler,  who  have 
very  kindly  supplied  us  with  strains  of  bacilli  for  investigation. 
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Brief  Notes  on  the  Structure  and  Development 
of  Spirocliseta   anodontse  Keysselitz. 

By 
W.    €e«'il    Bof^aiiqiief,   I^l.D. 


With  Plate  15. 


Much  uncertaiDty  still  prevails  as  to  the  structure  and 
biological  relationships  of  the  spirochoetes.  Earlier  observers 
— Dot  altogether  influenced  perhaps  by  a  desire  to  prove 
their  affinities  with  the  haemoflagellates — equipped  them  with 
a,n  undulating  membrane  and  a  complicated  nuclear  apparatus, 
the  existence  of  which  is  very  problematical;  and  much  con- 
troversy has  existed  as  to  their  mode  of  division,  longitudinal 
or  transverse.  The  very  claim  of  the  organisms  found  in 
Mollusca,  as  well  as  that  of  the  smaller  spirochsetes,  to  be 
called  by  this  name,  depending  as  it  must  on  their  relation- 
ship to  Sp.  plicatilis  Ehrenberg,  the  type-species,  is  not 
very  firmly  established,  since  the  structure  of  the  latter — a 
system  of  large  waves,  each  broken  by  smaller  undulations 
superposed  on  them,  with  a  central  axial  rod  and  a  series  of 
dots,  regarded  as  nuclei — is  markedly  different  from  that  of 
the  later  additions  to  the  genus.  It  is  desirable,  therefore, 
to  record  any  observations  which  may  tend  to  throw  light 
on  the  morphology  and  life-history  of  these  organisms. 

My  own  observations  have  been  carried  out  on  Sp. 
anodontee,  a  species  easily  obtained,  and  one  which  may  be 
regarded  as  fairly  typical  of  the  spirochtetes  which  are 
parasitic  in  MoUusca. 

With    regard    to  the   so-called    undulating  membrane   of 
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Sp.  anodonfcoe  I  am  inclined  to  agree  with  Schellack,  who 
holds  that  the  appearance  which  has  been  thus  interpreted 
is  an  artifact,  due  to  splitting  of  periplast,  since  I  found 
that  the  better  my  preparations  were  fixed,  the  fewer  were 
the  examples  of  this  condition.  It  was  found  almost  invari- 
ably in  films  dried  in  the  air  (fig.  1),  but  very  exceptionally 
in  those  fixed  in  osmic  vapour.  It  seems  possible  that  the 
periplast,  if  it  is  so  to  be  called,  adheres  to  the  slide  in  the 
position  in  which  death  of  the  spirochtete  occurs,  and  that 
subsequently  the  protoplasm  of  the  organism  shrinks  and 
thus  straightens  its  outline  a  little,  leaving  a  line  of  periplast 
following  a  different  line  from  that  finally  adopted.  At 
other  times  the  periplast  seems  to  shrink  most  and  to  form  a 
band  uniting  the  cells  of  the  spirochaete  (fig.  2). 

I  have  seen  a  considerable  number  of  specimens  which 
exhibit  a  dark  line  running  along  one  side  (figs.  3,  4).  This 
probably  corresponds  with  the  '^  crest  '^  described  by  Gross. 
Judging  from  the  illustrations  of  spirochaetes  in  section 
given  by  him  and  previously  by  Fantham,  it  would  seem  that 
the  organism  possesses  a  sheath  which  is  loose  enough  to 
form  a  fold  along  one  side  in  certain  conditions.  The 
sheath  or  periplast  stains  more  darkly  than  the  body-sub- 
stance of  the  spirochaste,  and  hence  the  double  layer  appears 
as  a  dark  line.  Splitting  of  the  sheath  into  fibrillae  seems 
sometimes  to  occur,  as  in  fig.  6. 

On  the  other  hand,  I  find  it  difficult  to  agree  with  Schellack 
that  two  separate  species  of  spirochaete  are  present  together 
in  Anodonta,  one  having  blunt  (figs.  1,  3,  4)  and  the  other 
sharp  extremities  (figs.  7,  8,  9).  The  amount  of  diiference 
seen  is  scarcely  sufficient  to  suggest  a  specific  differentiation. 
Further,  the  great  variation  in  the  length  and  thickness  of 
the  individuals  in  each  class  thus  formed  is  such  as  to  nega- 
tive the  possibility  of  distinguishing  species  by  length,  as  he 
further  suggests.  It  is  noteworthy  that  Schellack  distinguishes 
two  species  of  spirochaete  in  more  than  one  kind  of  mollusc, 
and  that  Gross  also  describes  two,  very  similarly  differentiated, 
in  Pecten  jacobieus.     This  rather  strongly  suggests  that 
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til  (J  same  spirochaeto  may  present  diif  event  shapes  and  sizes. 
J  liave  never  seen  s})eciinens  of  S]).  anodontie  witli  trans- 
verse lines  near  the  middle  of  the  length  of  the  organism, 
pointing  to  transverse  division  by  means  of  a  septnm  here 
formed,  as  is  depicted  by  Schellack. 

As  to  the  actual  method  of  division,  I  had  the  opportunity 
of  observing  an  instance  of  what  appeared  to  be  longitudinal 
fission.  This  was  in  a  preparation  containing  living  spiro- 
chsetes  in  a  drop  of  fluid  from  the  mantle-cavity  of  the 
mussel.  My  attention  was  attracted  to  an  individual  which 
remained  fixed  at  one  point,  near  to  the  edge  of  tlie  prepara- 
tion, and  wriggled  feebly,  instead  of  dashing  about  like  the 
others.  I  then  noticed  that  this  spirochacte  seemed  to 
possess  two  '^  tails/'  if  this  expression  is  allowable  (fig.  11a)  ; 
and  on  watching  it  I  noticed  that  a  line,  dark  at  one  moment, 
refringent  at  another,  as  the  creature  moved,  was  gradually 
extending  along  the  body  of  the  spirocha3te  from  the  point 
of  bifurcation  towards  the  opposite  extremity.  Fission  pro- 
ceeded along  this  line,  but  not  quite  regularly  as  in  tearing 
a  strip  of  calico,  since  at  one  moment  there  was  visible  a  sort 
of  loop  in  the  "^  anterior"  part  of  the  organism — using  this 
term  for  the  portion  which  remained  single  longest — before 
the  process  of  division  had  extended  quite  to  this  point  from 
''behind"  (6gs.  116,  r).  When  the  longitudinal  fissure  had 
extended  nearly  to  the  '' anterior "  end,  the  organism  sud- 
denly jerked  itself  away  out  of  the  field  of  the  microscope- 
and  I  was  unable  to  see  the  final  separation  of  the  daughter, 
individuals  ;  but  as  I  was  unable,  on  searching  through  the 
preparation,  to  find  the  dividing  spirochicte  again,  I  could 
only  conclude  that  the  separation  took  place  almost  imme- 
diately, the  two  resulting  spirocha^tes  being  then  indistin- 
guishable from  the  other  individuals  present. 

A  possible  source  of  error  in  this  observation  lies  in  the 
slenderness  of  the  organisms  and  in  the  difficulty  of  accurately 
observing  them  during  movement.  It  is  scarcely  possible  to 
exclude  the  explanation  that  an  organism  may  become  folded 
upon  itself  as  a  preliminary  to  undergoing  transverse  fission 
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(figs.  12,  13).  This  alternative  possibility  was  strongly 
brought  to  my  mind  by  a  preparation  in  which  many  living 
spirocha^tes  appeared  to  have  loops  at  one  extremity,  while 
they  revolved  rapidly  on  a  longitudinal  axis.  As  their  move- 
ments slackened,  these  organisms  appeared  to  have  a  shape 
which  might  be  compared  with  that  of  a  hair-pin  having  its 
^Megs  ^^  twisted  together.  On  fixing  and  staining  this  pre- 
paration, specimens  were  found  both  of  the  condition  just 
described  (fig.  14),  and  also  of  what  seemed  to  be  a  succeed- 
ing stage,  in  which  division  had  taken  place  at  the  bend  of 
the  loop  (fio".  15).  I  could  find  no  instance  of  a  spirochaete 
simply  looped  at  one  extremity,  as  might  have  been  expected 
to  occur  if  longitudinal  division  took  place,  starting  at  a 
point  a  little  distant  from  the  extremity  of  the  spirochaete. 
1  was  at  first  tempted  to  regard  the  pairs  of  closely  apposed 
organisms  here  seen  as  being  instances  of  conjup;ation,  but 
the  explanation  just  given  seems  more  probable  in  view  of 
the  looped  forms  seen  alive  in  the  preparation.  Division  by 
^'  incurvation  ^'  is  stated  by  Gross  to  occur  in  the  spirochaete 
present  in  Pecten  jacobieus  (called  by  him  Cristispira 
pectinis),  and  he  believes  it  to  be  the  characteristic  of  all 
spirochaetes.  Nuttall,  Fautham  and  Porter  state  that  in  the 
small  spirocheetes  both  transverse  and  longitudinal  division 
occurs.  If  this  be  so,  it  would  be  interesting  to  ascertain 
whether  any  difference  in  environment  is  responsible  for 
their  adoption  of  each  method  respectively,  or  whether  the 
two  processes  occur  at  different  points  in  the  life-cycle. 

With  regard  to  the  internal  structure  of  Sp.  anodontae, 
I  have  always  found  that  specimens  taken  from  the  crystal- 
line style  of  the  mussel  stain  homogeneously  like  Bacteria 
(fig.  7).  Those,  however,  Avhich  are  present  in  the  stomach 
of  the  mollusc,  especially  after  the  style  has  dissolved,  show 
beading  of  the  substance  of  the  organism,  as  is  depicted  by 
Keysselitz  in  his  original  memoir  (figs.  16,  17,  18).  Since 
the  style  is  apparently  the  most  favourable  medium  for  the 
life  of  the  spirochaete,  I  am  inclined  to  look  upon  the  beaded 
forms  as   either  involutionju-y   or   developmental.      The  fol- 
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lowing  observation  supports  the  view  that  the  change  is,  in 
some  cases  at  leasts  one  of  development. 

A  piece  of  crystalline  style  was  dissolved  in  tap-water  and 
sealed  up  with  vaseline  for  forty-eight  hours  under  a  cover- 
slip  on  a  slide.  At  the  end  of  this  period  the  cover  was 
removed,  and  the  preparation  was  fixed  in  osmic  va])our  and 
stained  with  thionine.  The  spirocluetes,  which  had  originally 
been  very  numerous,  were  found  to  have  almost  entirely  dis- 
appeared, while  their  place  was  taken  by  elongated,  variously 
curved  bodies,  closely  corresponding  with  them  in  length  and 
thickness,  containing  irregular  masses  of  staining  substance 
(figs.  19  and  20).  Some  definite  spirochaetes  present  showed 
beading  of  protoplasm  and  separation  into  segments  (segmen- 
tation, plasmolysis  ?),  and  it  was  possible  to  trace  a  fairly 
definite  series  of  gradations  between  such  spirocluetes,  as 
seen  in  this  and  other  preparations,  and  strings  of  bead-like 
or  coccoid  botiies,  which  seemed  to  constitute  the  final  stage 
of  development  (figs.  1(3,  18,  21,  22).  It  seems  then  that 
8 p.  anodontas  goes  through  a  stage  in  development  in 
Avhich  it  breaks  up  into  coccoid  bodies,  just  as,  according  to 
Leishman,  Sp.  duttoni  breaks  up  into  similar  bodies  inside 
the  body  of  the  tick.  If  this  be  so  we  have,  on  the  one 
hand  interesting  evidence  of  the  generic  unity  of  the  small 
and  large  spirochsetes,  and  on  the  other,  of  the  affiuity  of 
the  whole  group  with  the  Bacteria  rather  than  with  the 
Protozoa. 

The  portion  of  style  used  for  the  above  observation  was 
taken  from  a  mussel  which  had  been  kept  at  a  temperature 
just  above  freezing--point.  The  spirochaetes  seemed  specially 
numerous  and  lively  at  this  temperature,  and  dividing  forms 
were  numerous.  I  also  found  some  organisms  in  the  water 
in  which  the  mussels  were  kept.  Most  of  these  were  stiff 
and  motionless,  but  one  or  two  individuals  were  actively 
moving  when  first  seen.  The  addition  of  water  to  a  piece  of 
the  style  seems  to  have  the  effect  of  rendering  a  large  number 
of  the  organisms  motionless  and  rigid  (fig.  23),  and  it  is 
tempting  to  speculate   as  to  whether  the   difference  between 
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what  lias  been  called  a  Treponema^  in  which  the  curls  are 
mure  or  less  rigid,  and  a  S pi ro chaste,  in  which  there  is 
more  flexibility,  may  not  be  dependent  to  some  extent  on  the 
medium  in  which  the  organism  is  examined.  Accompanying 
the  spirochsetes  in  the  water  were  a  considerable  number  of 
spirillar  organisms,  exactly  resembling  them  in  microscopical 
structure  (iigs.  23,  24  a,  h).  It  seems  possible  that  the  segment- 
ing spirocha^tes  (fig.  19)  may  divide  first  into  short  spirilla  in 
some  instances  before  undergoing  development  into  the  coccoid 
stage.  At  alow  temperature  the  style  of  the  mussel  is  more 
slowly  dissolved  than  at  the  temperature  of  the  room.  I  have 
found  that,  as  a  rule,  this  body  entirely  disappears  in  about  a 
week  or  ten  days  after  the  mussel  is  taken  up  from  its  native 
place.  One  mussel,  which  was  kept  for  three  weeks  in  an 
aquarium,  where  presumably  food  was  plentiful,  formed  a 
new  style,  so  far  as  could  be  judged,  since  all  the  other 
mussels  of  the  same  batch  had  lost  theirs  long  before.  This 
re-formed  style  was  quite  free  of  spirocha3tes. 

My  best  thanks  are  due  to  Prof.  Minchin  for  allowing  me 
to  use  his  laboratory,  and  for  his  advice  and  encouragement; 
also  to  Miss  Rhodes,  who  has  drawn  the  illustrations  to  this 
paper. 

Lister  Institute, 

November  4th,  1910. 
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EXPLANATION    OF    PLATK     \r>, 

Illiistratino-  \)i\  W.  Cecil  P)Os;in([U{?t's  paptn*  on  "  Jirici'  Notes 
on  the  Strucbui'o  Jind  Development  of  Spiroclueta 
anodontae  Keysselitz/' 

[All  the  figures,  except  Figs.  1  and  11,  aro  from  spccini'Mis  fi^tMl  in 
osiiiic  vapour  and  stained  with  tliionin.  and  all  ar(i  drawn  at  a  uniform 
magnification  of  2000.] 

Fig.  1. — Spirocliaita  anodonta;,  showing  so-called  undulating  moni- 
brane.     From  a  film  dried  in  the  air  and  stained  with  iron-lia'matoxylin. 

Fig.  2. — Sp.  anodonta) — long  thin  specimen  from  crystalline  style. 

Fig.  3. — Same.     Long  thick  specimen. 

Fig.  4. — Same.     Short  thick  specimen. 

Fig.  5. — Same.     Short  thin  specimen.  "5 

Fig.  6. — Same,  showing  splitting  of  (?)  sheath. 

Fig.  7. — Same.  Slender  sj)ecimen  showing  nniformity  of  structure 
and  absence  of  "  undulating  membrane,"  like  a  bacterium. 

Fig.  8. — Same.     Short  specimen  with  pointed  ends. 
Fig.  9, — Same.     Longer  specimen  with  pointed  ends  and  somewhat 
stiff  curls  (not  well  shown  in  the  figure). 

Fig.  10. — Same.  Short  thin  specimen  with  apparent  undulating 
membrane. 

Fig.  11. — a,  h,  r,  stages  in  apparent  longitudinal  division  of  Sp. 
a  n  o  d  o  n  t  se  (diagrammatic) . 

Figs.  12,  13. — Stages  in  "  incurvation""  (?)  of  Sp.  anodonta'. 

Figs.  14,  15. — Complete  incurvation  (?)  and  subsequent  transverse 
division. 

Figs.  16,  17,  18. — Sp.  anodonta^  from  tlie  alimentary  canal  of  the 
mussel,  showing  plasmolysis  (?). 

Figs.  19,  20,  21,  22. — Apparent  development  of  spiroclui'tes  into 
coceoid  bodies.  From  a  preparation  of  crystalline  style  dissolved  in 
water  and  kept  for  forty- eight  hours. 

Fig.  23. — Spirochoite  from  water  in  which  mussels  had  been  kept,  for 
comparison  of  sti'ucture  with  figs.  24  (/.  h,  showing  spirilhi  from  same 
water. 
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OBSERVATIONS   ON    LEUCOPROTEASE 
AND    "  ANTl-LEUCOPROTEASE." 

By  C.  H.  burton  BRADLEY,  M.B.Cn.M.  Sydney, 
M.R.C.S.  Eng.,  L.R.aP.  LoND. 

Assistant,  Bureau  of  Microbiology,  New  South   Wales. 
{From  the  Bio-chemical  Department,  Lister  Institute.) 

2  Figures. 

According  to  Kossel  (1888)  Fritz  Miiller  discovered  that  phthisical 
sputum  digests  fibrin  and  coagulated  albumen  in  weakly  alkaline  media, 
but  the  fact  that  antiseptic  pus  digests  proteins  seems  to  have  been  first 
observed  by  Leber. 

Achalme  (1899)  separated  proteolj^tic  ferments  from  pus  from  various 
sources  and  Erben  (1903)  and  Schumm  (1904)  drew  attention  to  the 
notable  quantity  of  albumoses  in  blood  from  cases  of  m3'ologenous 
leukaemia  which  had  been  incubated,  and  the  relative  absence  of  this 
proteolysis  in  the  incubated  blood  from  cases  of  lymphatic  leukaemia. 
Ascoli  and  Mareschi  (1901)  showed  that  the  peritoneal  exudate  produced 
by  aleuronat  underwent  autolysis  under  aseptic  conditions. 

More  recently  the  subject  of  a  proteolytic  ferment  in  leucocytes  has 
been  studied  by  a  number  of  authors  amongst  which  the  principal  are 
Opie  (1905  and  190G),  Muller  and  Jochmann  (190G  i.  and  ii.),  J(»chmann 
and  Lockermann  (1908),  and  Fiessinger  and  Marie  (1})09). 

All  agree  as  to  the  presence  of  a  tryptic  ferment  in  the  polynuclears 
but  the  existence  of  another  protease  acting  in  feebly  acid  solutions  in 
lymphocytes  described  by  Opie  is  questioned  by  ^[uller  and  Jochmann 
and  Fiessinger  and  Marie. 
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Opie  working  with  sterile  exudates  obtained  by  injection  of  aleuronat 
into  pleural  cavities  of  dogs,  as  well  as  with  pus  from  turpentine-produced 
abscesses  in  various  animals,  found  that  in  the  leucocytes  collected  from 
such  artificially  produced  exudates  by  centrifugalisation  two  ferments 
may  be  demonstrated.  The  main  point  of  the  proof  of  the  separateness 
of  these  ferments  is  that  in  an  alcohol  ether  dried  preparation  only  one 
remains.     He  calls  the  two  ferments  lymphoprotease  and  lencoprotease. 

Lymph oprotease  is  associated  with  mononuclear  leucocytes  and 
resembles  pepsin  in  acting  at  low  degrees  of  acidity  but  it  is  not 
pepsin  as  it  fails  to  act  in  0*2  Yo  HCl  though  it  will  do  so  in 
feebler  dilutions.  It  is  inhibited  b}^  alkaliuity  but  not  by  the  serum  as 
such. 

Lencoprotease  is  associated  with  the  polymorpho-nucleated  cells  and 
is  a  tryptic-like  ferment  acting  best  in  faintly  alkaline  but  well  also  in 
neutral  media ;  Opie  does  not  think  this  is  trypsin  for  it  is  very  weak 
compared  with  the  latter.  It  is  held  in  check  by  normal  sera.  It  is 
not  destroyed  by  treatment  with  alcohol  and  ether  and  drying.  The 
various  results  of  Opie  and  others  with  regard  to  other  points  will  be 
found  in  their  respective  sections. 

Lymphoprotease  was  also  obtained  by  Opie  and  Barker  (1907)  by 
injecting  tubercle  bacilli  into  the  pleural  cavity  of  dogs.  It  has  been 
previously  indicated  that  its  origin  from  lymphocytes  has  been  disputed 
but  as  my  own  experiments  deal  only  with  leucoprotease  from  human 
pus  the  question  will  not  be  entered  into. 

I  was  anxious  to  inquire  into  certain  points  as  regards  the  working 
of  the  so-called  "anti-body"  manifested  in  normal  sera,  and  especially  to 
see  if  one  could  increase  this  anti-proteolytic  power  by  immunisation  and 
if  there  could  be  found  any  evidence  in  favour  of  or  against  the  idea  that 
any  anti-effect  is  due  to  a  true  anti-body  similar  to  those  concerned  in 
production  of  immunity  to  various  toxins  and  so  forth.  This  work  is 
not  intended  to  be  complete — the  subject  is  in  itself  rather  complicated 
and  it  has  been  difficult  for  me  even  with  such  facilities  as  I  have  had 
at  the  Lister  Institute  to  get  sufficient  material — hence  I  have  merely 
been  able  to  cover  part  of  the  ground,  the  remainder  of  which  I  hope  to 
attempt  on  a  future  occasion.  Two  difficulties  which  I  have  found  to 
render  accurate  work  on  certain  points  so  far  almost  impossible  are,  firstly 
the  ferment  in  my  preparations  is  very  weak,  and  secondly  it  is  always 
accompanied  by  large  amounts  of  proteid,  and  I  have  not  so  far  been 
able  to  devise  a  satisfactory  method,  that  is  to  say  necessarily  a  con- 
servative method,  by  which  I  can  at  all  purify  the  preparation, 
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The  material  I  have  examined  was  derived  from  thirteen  specimens 
of  empyema  pus.  In  the  majority  of  experiments  the  material  wan,  after 
screening  off  as  much  blood  clot,  fibrin,  etc.  as  possible,  centrifnged  and 
washed  with  normal  saline  three  or  four  times.  The  final  (Jebris  was 
shaken  well  with  methylated  spirit,  this  either  filtered  or  centrifuged, 
and  pipetted  off  and  then  absolute  alcohol  and  finally  alcohol-free  dried 
ether  used  in  the  same  way.  The  debris  from  this  process  was  collected 
in  Hat  trays,  fanned  vigorously  for  a  while  and  powdered,  then  placed 
in  a  desiccator,  till  apparently  completely  dry,  if  necessary  re-powdered, 
and  then  kept  in  the  desiccator  till  required.  Here  apparently  it  is 
little  affected  as  regards  its  activity  by  lapse  of  time.  The  final  product 
is  a  very  fine  dry  powder  which  has  a  colour  varying  from  white  to  pink, 
according  to  the  amount  of  blood  clot  present. 

For  estimating  the  activity  of  the  enzyme  the  following  process, 
which  is  similar  to  that  used  by  Hedin  in  his  experiments  with  trypsin, 
was  employed.  This  only  differs  in  detail  and  the  form  of  precipitation 
of  the  proteid  from  that  of  Opie.  Measured  amounts  of  ferment  pre- 
paration, either  by  weighing  quantities  dried  of  the  powder  or  pipetting 
suspensions  or  extracts,  were  taken  into  suitable  stoppered  bottles  of 
about  150  c.c.  capacity.  To  this  was  added  the  substrate  used,  either 
25  Yo  boiled  solution  of  casein  with  toluene,  or  boiled  fibrin,  or  gelatin, 
or  Q^g  albumen.  In  testing  the  effect  of  serum  this  was  also 
added.  Controls  were  made  with  the  enzyme  preparation  heated 
in  moist  condition  above  90°  C.  for  several  minutes.  To  each 
flask  a  definite  amount  of  toluene  was  added  as  preservative  and 
the  flasks  well  shaken  and  incubated  in  a  hot  room,  where  they  were 
kept  in  motion  by  an  electric  shaker.  At  the  end  of  the  digestion  period 
the  flasks  were  taken  off,  cooled  to  the  room  temperature,  and  precipi- 
tated by  equal  amounts  of  the  tannic  acid  solution.  The  mixture  ^^as 
well  shaken  and  filtered.  The  filter  papers  should  be  all  of  one  kind 
and  the  same  size,  as  also  should  be  the  filter  funnels.  The  temperature 
at  which  the  precipitation  was  carried  out  seemed  to  be  important,  as 
also  did  the  time  tlie  materials  were  left  in  contact  before  filtering.  A 
feature  of  interest  noticed  was  that  a  perfectly  clear  filtrate,  which  sub- 
sequent estimation  proved  to  contain  large  amounts  of  proteid,  usually 
shows  after  some  minutes  a  faint  cloudiness,  very  hard  to  separate. 
This  does  not  occur  in  the  control  flasks  and  the  amount  of  proteid  in 
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this  precipitate  is  negligible,  as  whether  one  refilters  to  clearness  or  not, 
the  results  were  within  my  experimental  error. 

Aliquot  parts  of  these  filtrates  were  Kjeldahled  in  the  usual  way  and 
the  ammonia  estimated.  The  index  of  activity  is  furnished  by  the 
amount  of  ammonia  in  the  distillates.  The  figures  are  expressed  as 
ammonia  represented  by  c.c.  N/10  acid. 

The  potency  of  my  preparations  was  not  great  and  the  following  two 
experiments  which  are  given  in  detail  illustrate  the  order  of  activity 
obtained. 

Powder  No.  4.     Time  of  digestion  5  days.     Substrate  casein  2-5  "/o  "i  0*25  '7o  sodium 
carbonate  solution. 

Nitrogen  as  c.c.  of 

deci-normal  sulph.  acid 

in  100  c.c.  of  filtrate 

A.  Substrate  100  C.C.  +  powder  0-04  gm.  =  lG-9 

B.  Substrate  100  c.c.  +  powder  0-04  gm.  (heated)      =  4*1 

Each  flask  precipitated  with  100  c.c.  tannic  acid  sohition.    100  c.c.  of  filtrate  taken  for 
estimation. 

Powder  No.  6.     Time  of  digestion  5  days.     Substrate  casein  2-5  "/,,  in  0*25  7o  sodium 

carbonate  solution. 

Nitrogen  as  c.c.  of 

deci-normal  sulpli.  acid 

in  50  c.c.  of  filtrate 

A.  Substrate  50  C.c.  +  powder  0*4  gm.  =  30'G 

B.  Substrate  50  C.C.  +  powder  0-4  gm.  (heated)  =  3*0 

Each  flask  precipitated  with  50  c.c  tannic  acid  solution.     50  c.c.  of  filtrate  taken  for 
estimation. 


Influence  of  Amount  of  Enzyme  upon  the  Rate  of  Action. 

The  following  experiments  were  undertaken  with  a  view  to  inquire 
into  the  rate  of  change  brought  about  by  the  enzyme  in  the  alcohol 
ether  dried  preparation.  Bottles  containing  varying  amounts  of  the 
powder  with  equal  amounts  of  substrate  were  allowed  to  digest  for 
varying  lengths  of  time.  In  the  first  chart  the  abscissa  represents  time 
in  days  and  the  vertical  ordinates  thereto  Jictivity  measured  as  cubic 
centimetres  of  deci-normal  sulphuric  acid.  There  are  four  curves  of  which 
the  lowest  represents  the  results  obtained  by  allowing  O'Oo  gram  of  the 
powder  to  act  on  equal  amounts  of  substrate  for  varying  times.  Four 
bottles  containing  identical  amounts  of  substrate  and  powder  were  put 
into  the  hot  room  at  the  same  time.  One  of  these  was  taken  out  on 
tlie  expiration  of  the  times  mentioned  in  the  chart  and  the  nitrogen  as 
ammonia  in  the  tannic  acid  filtrate  estimated.  The  other  three  curves 
similarly  represent  activity  at  varying  times  of  OT  gram,  02  gram  and 
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()*4i  grain  respectively.  They  were  oblainetl  in  the  same  way  (except 
that  the  curve  lor  0  2  ixr.un  was  wot  continued  so  loiii:  and  the 
estimations  were  made  at  dilferunt  limes. 
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Chart  1. 
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Chart  2. 

The  second  chart  is  compiled  from  the  same  figures  and  shows  certain 
points  more  clearly.  In  it  the  abscissa  represents  the  amounts  of  enzyme 
while  the  vertical  ordinatcs  represent  activity  as  cubic  centimetres  of 
deci-normal  acid  representing  ammonia  in  filtrate.  There  are  four 
curves  at  15,  39,  87,  111  hours  respectively  showing  etiect  of  increasing 
amounts  of  enzyme. 

The  figures  following  the  charts  are  the  protocols  of  experiments 
from  which  the  charts  are  compiled. 
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Experiment  5. 

Powder  No.  6. 

Time 

2^  dayi 

3.     Substrate 

',  casein 

2-50/0  sol. 

in    sodium  carbont 

solution  0  25  *7^. 
Powder 

Casein  sol. 

Time 

Nitrogen  as  c.c.  of 

deci-normal  sulph.  acid 

in  50  c.c.  of  filtrate 

005  gm. 

+ 

50  c.c. 

15  hrs. 

= 

-4-4 

005 

+ 

50 

39 

= 

6-4 

0-05 

+ 

50 

87 

= 

8-8 

0-05 

+ 

50 

111 

= 

9-4 

0  05  (heated) 

+ 

50 

41 

= 

30 

0-1  gm. 

+ 

50  c.c. 

15  hrs. 

= 

5-9 

01 

+ 

50 

39 

= 

9-8 

01 

+ 

50 

87 

= 

12-5 

01 

+ 

50 

111 

= 

130 

0-1  (heated) 

+ 

50 

111 

= 

3-0 

0-2  gm. 

+ 

50  c.c. 

27  hrs. 

rr 

11-6 

0-2 

+ 

50 

47 

= 

14-5 

0-2 

+ 

50 

71 

= 

17-1 

0-2 

+ 

50 

95 

= 

19-2 

0-2  (heated) 

+ 

50 

47 

= 

3  0 

0'4  gm. 

+ 

50  c.c. 

15  hrs. 

= 

12-9 

0-4 

+ 

50 

39 

= 

23-2 

0-4 

+ 

50 

87 

= 

29-3 

0-4 

+ 

50 

111 

= 

30-6 

0-4  (heated) 

+ 

50 

111 

= 

?  about  3 

As  precipitant  50  c.c.  tannic  acid  sol.  was  used,  50  c.c.  of  the  filtrate  after  this 
addition  was  taken  in  each  case.  The  flasks  were  well  shaken  during  the  first  ten  hours 
and  for  short  spells  afterwards. 

The  p(jmts  brought  out  by  the  above  results  with  regard  to  the 
action  of  the  euzynie  under  the  described  conditions^  i.e.  acting  in  closed 
flasks  on  a  large  excess  of  proteid  may  be  summarised  as  follows: 


Iniiuence  of  amount  of  enzyme  time  constant.     Chart  1. 

1.  There  is  an  increase  in  the  total  action  with  the  time  up  to  the 
point  of  termination  in  these  experiments.  From  the  charts  it  seems 
that  the  maximum  was  nearly  but  not  (juite  reached. 

2.  The  amount  of  change  per  unit  time  is  relatively  greater  in  the 
earlier  hours,  falling  off  with  tlie  progress  of  time. 

*i.  In  the  early  hours  and  with  small  doses  the  rate  of  change  is 
nearly  proportional  to  the  time. 
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Influence  of  (iinouiit  of  enzyme  time  constant.     (Jhiirt  2. 

1.  The  total  action  increases  with  the  amount  of  enzyme  (even  the 
laro^est  dose  in  these  experiments  is  small  relatively  to  the  total  proteid 
to  be  changed,  as  similar  experiments  with  0*8  gram  showed  a  great 
increase  of  action). 

2.  With  amounts  of  onz3nne  np  to  O'l  gram  per  50  c.c.  and  dig(;stioii 
time  not  exceeding  39  hours  the  rate  of  hydrolysis  is  proportional  to 
enzyme  added. 

3.  On  increasing  the  amount  of  enz3nne  or  the  interval  for  digestion 
the  rate  falls  more  and  more  short  of  direct  proportionality. 


Effect  of  Reaction. 

The    following    experiments    show    the    effect    of   reaction    on    the 
activity  of  the  powder. 


Experiment  6. 


Powder  No.  3.     Substrate,  fibrin  0*5  gm. 


A.  Boiled   fibrin   0*5   gm. +powder  0*02   gm. 

+  acetic  acid  0-2  ^0  1'5  c,c. 

B.  Boiled   fibrin   0*5   gm.  + powder  0*02   gm. 

+  sodium  carbonate  sol.  0*25  %  1^  ^'^' 

C.  Boiled    fibrin   0-5   gm.  + powder   0-02   gm. 

+  water  15  c.c. 

D.  Boiled   fibrin   0-5   gm.+ powder   0*02   gm. 

+  water  15  c.c. 


Nitrogen  as  c.c.  of 

(leci-normal  sulpli.  acid 

in  20  c.c.  of  filtrate 


0-8 


I  (boiled)       = 


20 

115 
0-5 


Added  15  c.c.  tannic  acid  solution.     Took  2  c.c.  of  filtrate  for  estimation. 


This  experiment  displays  the  absence  of  action  in  weakly  acid  media 
while  there  is  action  in  approximately  neutral  or  alkaline  media. 

The  following  experiment  conducted  b3^a  ditTerent  method  also  gives 
us  the  same  results.  Here  the  experiment  is  merely  qualitative.  Small 
and  equal  quantities  of  the  powder  were  allowed  to  act  on  gelatin  at 
incubator  temperature  (37"'  C.)  under  the  conditions  of  reactions  shown, 
and  examined  as  to  power  of  solidifying  by  cooling  in  running 
water. 
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Experiment  7. 

Powder  No.  4rt  was  used  and  toluene  as  antiseptic.     These  were  added  to  a  large  test 
tube  with  2h  inches  of  10  7o  Relatin. 

Reaction  14  lirs.  38  his. 

Just  alkaline  to  Lachmoid  fluid  fluid 

Just  acid  to  Lachmoid  solid  solid 

Neutral  to  Lachmoid  fluid  fluid 

Another  qualitative  experiment  shows  the  same  results.  Here  the 
method  emplo3^ed  as  a  test  of  activity  was  the  biuret  test.  Equal 
amounts  of  the  powder  No.  6  were  allowed  to  act  on  boiled  dried  fibrin 
powder  in  the  presence  of  acid  alkali  and  neutral  diluents.  After 
24  hours  they  were  examined  with  the  following  results: 


Experiment  8. 


Biuret  reaction 


1 .  Powder  +  fibrin  +  acetic  acid  0*2  ^j^  - 

2.  Fibrin  +  acetic  acid  02  o/^  - 

3.  Powder  +  fibrin  +  sod.  carb.  sol.  0-25  7o  +      + 

4.  Fibrin  +  sod.  earb.  sol.  0*25 ''/^  - 

5.  Powder  +  fibrin  +  normal  saline  +      + 

6.  Fibrin  +  normal  saline  - 

N.B.     A  solution  of  the  powder  itself  does  not  give  the  reaction. 

The  above  results  show  that  the  enzyme  contained  in  the  dried  pre- 
paration from  human  pus  acts  best  in  weak  alkaline  solutions,  also  well 
in  approximately  neutral  solutions  but  not  in  the  presence  of  020  ^o 
acetic  acid. 

Effect  of  Heat. 

The  following  experiments  were  performed  to  show  the  effect  of  heat 
on  the  enzyme,  i.e,  to  determine  the  point  at  which  the  enzymotic  activity 
is  no  longer  manifested.  On  investigation  it  becomes  apparent  in  all 
such  researcli  that  a  factor  equally  important  to  the  temperature  to 
which  the  substance  is  raised,  is  the  time  taken  to  do  so.  It  is  not  long 
before  one  realises  the  futility  of  saying  that  the  death  point  is  such  and 
such  a  temperature.  This  will  be  found  to  diifer  considerably  with  the 
method  used.  If  for  instance  the  dried  powder  is  simply  heated  in  that 
dry  condition  in  a  hot  air  stove,  it  will  resist  for  many  minutes,  up  to  a 
quarter  of  an  hour  at  least,  a  temperature  well  over  100°  C.     Whereas, 
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if  the  powder  is  moistened,  it  is  killed  at  a  far  lower  point;  but  besides 
this  the  time  taken  in  heating  is  very  important.  Conditions  are 
entirely  different  if  we  start  heating  the  ferment  from  room  temperature 
and  bring  it  up  to  the  required  point  than  if  we  drop  the  ferment  into 
a  fluid  heated  to  that  point.  Likewise  if  we  keep  the  ferment  less  or 
greater  time  at  any  point  so  the  result  will  differ.  Two  methods  which 
I  have  tried  give  results  showing  what  I  mean,  in  Experiment  9  the 
heating  was  done  in  similar  test  tubes  in  a  water  bath  already  heated  to 
the  required  amount.  In  this  series  the  ferment  is  markedly  affected 
by  one  minute  at  65°  to  67°  C,  that  is  to  say  one  minute  after  the 
ferment  reached  65°  C.  In  Experiment  10,  where  the  ferment  is 
merely  dropped  into  the  water  when  that  has  reached  the  required 
temperature  and  is  retained  there  the  requisite  time,  it  is  not  much 
affected  by  one  minute  between  69°  and  71°  C. 

Other  considerations,  too,  render  this  question  I  think  one  which 
gives  very  unprofitable  results  unless  some  standard  method  be  adopted 
by  all  observers.  Opie  (1906  (1))  gives  67°  C.  as  the  thermal  destruction 
point;  but  unfortunately  gives  little  information  as  to  his  method. 
When  it  is  an  obvious  fact  that  such  factors  as  amount  of  proteid  in 
solution,  rate  of  rise  of  temperature,  and  others  such  as  are  stated  above, 
so  affect  the  results,  it  is  hardly  likely  that  any  two  observers  will  agree. 
Here  I  merely  give  the  results  of  a  few  experiments  which  were  really 
done  as  a  means  to  know  how  I  could  most  effectively  kill  the  enzyme 
for  controls. 

Experiment  9. 

Method.  The  heating  was  done  by  dropping  weighed  amounts  of  powder  No.  9  into 
20  c.c.  of  water  raised  to  the  required  temperature  in  a  water  bath,  taken  off  as  required 
and  cooled  quickly.  The  20  c.c.  of  water  were  heated  in  the  bottles  used  for  digestion  and 
subsequently  50  c.c.  of  casein  solution  were  added  with  5  c.c.  of  toluene  to  each  flask. 
After  two  days'  digestion  50  c.c.  of  tannic  acid  solution  were  added  and  50  c.c.  of  the 
filtrate  from  this  taken  for  estimation.  The  figures  represent  nitrogen  as  deci-normal  sulph. 
acid  in  50  c.c.  of  the  filtrate. 

Heated  to  62"  C.  and  cooled  immediately  =  12  "8. 

65°  C.            „  „             =12-8. 

70°  C.            „  „             =12-7. 

75°  C.            „  „             =10-9. 

80°  C.             „  „             =   6-7. 

Heated  for  one  minute  between  69    — 71°  C.     =12-2. 
„  ,,  ,,  69-5— 71-5°  C.  =  12 -15. 

72    — 73°C.     =11-55. 
74-5-75°  C.     =   6-15. 

Journ.  of  Hyg.  x  15 
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Experiment   1 0. 

Method.  0-2  grams  of  powder  No.  5  were  heated  in  0*25  %  sod.  carb.  sol.  to  various 
temperatures  and  kept  at  these  temperatures  for  one  minute.  Then  to  each  flask  20  c.c. 
of  10  %  gelatin  were  added  and  the  flasks  put  in  the  hot  room  (37°  C.)  to  digest.  Observa- 
tions were  made  as  to  digestion  by  cooliug  the  flasks  under  the  water  tap  for  the  same  time 
and  noting  the  state  of  the  gelatin. 

After  4  days  After  6  days 

Powder  not  heated  fluid  fluid 

1  minute  at  65 — 67°  C.  semi-solid  fluid 

1  minute  at  70—73°  C.  solid  solid 

1  minute  at  73—75°  C.  solid  solid 

1  minute  at  81—85°  C.  solid  solid 


Experiment   1 1 . 

Method.  Powder  was  heated  dry  in  watch  glasses  in  a  hot  water  jacketed  stove  to 
a  temperature  varying  between  88—92°  C.  Then  0*1  gm.  was  allowed  to  act  for  three 
days  on  15  c.c.  10  %  gelatin  with  15  c.c.  sod.  carb.  sol.  0-25  %. 


A. 
B. 
C. 
D. 
E. 

Control  heated  at  110—120°  C.  for 
several  minutes  in  hot  air  stove  1*3 

40  c.c.  tannic  acid  added.     20  c.c.  of  filtrate  used  for  estimation. 


The  Anti-Effect  of  Sera. 

The  anti-tryptic  action  of  normal  serum  was  noted  by  Hahn  (1897) 
and  Achalme  (1901).  Achalme  succeeded  in  increasing  the  anti-tryptic 
effect  of  guinea-pig  serum  by  immunisation.  Hedin  (1905  and  1906  I.) 
has  very  fully  investigated  the  neutralising  action  of  normal  serum  upon 
trypsin.  This  effect  he  finds  is  larger  if  the  serum  be  added  to  the 
trypsin  before  adding  the  substrate  and  there  is  an  increase  in  anti- 
action,  up  to  a  certain  point,  with  the  time  for  which  they  are  left 
together  before  adding  the  substrate.  The  combination  occurs  more 
readily  the  higher  the  temperature,  up  to  a  certain  point.  The  amount 
of  trypsin  neutralised  is  independent  of  dilution.  The  anti-power  of  the 
serum  can  be  completely  neutralised,  but  trypsin  cannot  be  completely 
rendered  inert  by  serum.     The  amount  of  trypsin  neutralised  is  greater 


Time  left 
in  stove 

Nitrogen 
acid  20  i 

as  deci-normal 
3.C.  of  filtrate 

0 

2-9 

5  minutes 

3-0 

10      „ 

3-1 

15      „ 

3-3 

20      ,, 

3-2 
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relatively  for  small  amounts  than  for  large  amounts  of  serum.  The 
anti-body  is  completely  destroyed  by  O'l  to  0'2  "/o  of  acetic  acid  at 
37"  C.  for  8  hours  and  is  markedly  affected  by  acid  in  a  very  short 
time.  He  found  it  impossible  to  separate  anti-body  and  enzyme 
in  a  neutral  mixture,  i.e.  to  free  the  trypsin.  In  a  further  paper 
Hedin  (1906  ii.)  compared  the  results  obtained  with  serum  with 
those  obtained  by  the  addition  of  charcoal  to  a  tryptic  digest.  He  found 
that  this  substance  had  a  powerful  effect  in  neutralising  trypsin  and 
that  the  neutralisation  probably  consisted  of  two  consecutive  stages. 
Firstly,  a  taking  up  or  absorption  of  trypsin:  in  this  stage  the  trypsin 
can  be  freed  by  the  addition  of  more  substrate.  Secondly,  a  stage  in  which 
the  trypsin  is  fixed.  The  amount  fixed  is  larger  the  more  charcoal  used, 
the  higher  the  temperature  and  the  longer  the  time  of  interaction.  He 
found  this  effect  of  charcoal  to  agree  in  every  point  as  far  as  he  could 
see  with  the  effect  of  serum  and  concluded  the  latter  to  be  a  similar 
phenomenon. 

The  anti-tryptic  action  of  normal  sera  was  found  by  Landsteiner 
(1900)  to  be  associated  with  the  albumin  fraction  of  the  serum 
(Pick).  This  was  confirmed  by  Cathcart  (1904).  Opie  (1905, 1906)  and 
Opie  and  Barker  (1907),  working  with  leucoprotease,  found  that  serum 
either  from  purulent  exudates  or  from  blood  inhibits  the  proteolytic 
effect  of  leucoprotease.  This  property  is  destroyed  by  acids  and  by 
heating  to  75°  C.  for  half  an  hour.  A  certain  amount  of  serum  is  only 
capable  of  controlling  a  limited  amount  of  enzyme.  As  in  the  case 
for  trypsin  the  inhibiting  action  v^as  associated  with  the  albumin 
fraction  of  the  serum  and  not  with  the  globulin. 

Miiller  and  Jochmann  (1906)  also  made  observations  on  the  anti-effect 
of  serum.  The  anti-leucoprotease  is  not  specific.  The  serum  of  one 
animal  is  equally  effective  against  leucoprotease  from  all  sources  (Opie 
and  Barker  1907). 

The  anti-body  in  normal  sera  neutralises  both  trypsin  and  leucopro- 
tease (Jochmann  and  Lockermann  1908). 

Variations  in  the  anti-tryptic  power  of  human  serum  have  been  found 
to  occur  in  patients  suffering  from  diseases  involving  cell  destruction 
(Bittorf  1907)  or  associated  with  leucocytosis  (Wiens  1907),  tuberculosis 
(Wiens)  and  cancer  (Brieger  and  Trebing  1908).  Eisner  (1909), 
however,  finds  that  it  is  only  in  the  cachectic  state  of  cancer  that  the 
anti-tryptic  power  is  modified. 

In  this  country  the  subject  has  been  exploited  w^ith  a  view  to  its 
possible  utility  in  diagnosis  by  Golla  (1909),  Hort  (1909)  and  Bayly 
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(1909).  Golla  has  introduced  means  of  considerable  accuracy  for 
measuring  the  anti-tryptic  power  of  different  sera  under  clinical 
conditions. 

Before  detailing  my  experiments  with  sera  it  will  be  useful  to  say  a 
few  words  as  to  methods. 

So  as  to  make  the  total  amount  of  proteid  equal  in  each  case,  it  was 
necessary  in  performing  experiments  with  different  amounts  of  fresh 
serum  to  make  up  the  total  serum  content  to  the  same  figure  by  the 
addition  of  heated  serum.  Heated  serum  must  also  be  used  for  maximum 
and  minimum  control.  By  suitable  dilution  we  can  arrive  at  a  satis- 
factory method  of  getting  a  serum  sufficiently  heated  and  still  in  a 
liquid  state.  For  this  purpose  I  have  found  the  dilution  of  1  serum  to 
4  water  the  best,  1  serum  to  4  normal  saline  is  likely  at  times  to  pre- 
cipitate before  a  sufficient  temperature  for  use  in  controls  is  reached. 
For  heating  purposes  I  used  a  water  bath  already  boiling;  in  this  the 
dilute  serum  is  immersed  in  a  thin  flask  and  kept  moving  briskly 
until  the  temperature  as  registered  by  a  thermometer  inside  the  flask 
reaches  the  required  point.  I  have  employed  90°  C.  as  a  useful  tempera- 
ture for  heating  all  controls  from  the  experience  of  such  an  experiment 
as  No.  12.  With  regard  to  the  effect  of  heat  on  the  anti-power  of 
serum,  Opie  found  that  heating  equal  quantities  of  serum  diluted  with 
equal  amounts  of  salt  solution  to  75°  C.  for  half  an  hour  sufficed  to 
destroy  the  anti-power.  Lower  temperatures  seemed  to  afford  a  slight 
increase  in  the  anti-power;  he  does  not  state  how  the  heating  was  done. 
In  the  following  experiment  equal  quantities,  10  c.c.  of  serum  in  the 
dilution  of  1  serum  to  4  water,  were  heated  in  the  water  bath  from 
the  water  supply  temperature  to  the  required  temperature  in  test  tubes 
of  equal  thickness  and  calibre.  Thus  the  time  taken  in  heating  to  the 
required  temperature  should  be  in  each  cavse  the  same.  The  test  tubes 
were  immediately  cooled  under  the  water  tap.  This  heated  serum  was 
allowed  to  act  on  a  mixture  of  enzyme  and  substrate.  In  this  case  a 
fluid  preparation  \^Iq  of  the  powder  in  0*25  7o  sod.  carb.  sol.  was  used 
in  a  dose  of  20  c.c.  in  each  flask.  Of  the  casein  substrate  50  c.c.  were 
used  in  each  flask.  After  2J  days'  incubation  50  c.c.  of  tannic  acid 
solution  were  added  as  precipitant  and  50  c.c.  of  the  filtrate  from  this 
taken  for  estimation.  The  results  below  show  that  it  has  begun  to 
be  affected  at  72°  C.  and  apparently  is  not  much  more  affected  by 
76°  C.  But  at  90°  C.  for  several  minutes  it  is  completely  destroyed 
so  that  this  is  a  sufficient  temperature  to  heat  the  serum  for  the 
controls. 


Powder  No.  5. 
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Experiment  12. 


Nitrogen  as  deci-normal 
acid  in  50  c.c.  of  filtrate 


With  fresh  serum               ...                 ...  ...  ...  3-05 

With  serum  heated  to  50°  C.              ...  ...  ...  3-15 

55                     ...  ...  ...  3-2 

60                    ...  ...  ...  30 

70                     ...  ...  ...  3-2 

72                     ...  ...  ...  4-30 

74                     ...  ...  ...  4-25 

70                     ...  ...  ...  4-25 

Control  at  90°  C.  for  several  minutes  ...  ...  4-95 

Control  with  enzyme  sol.  heated  to  90°  C.  for  several  minutes  1"95 

The  following  experiments  show  the  anti-power  of  the  normal  sera 
of  ox  and  goats  for  leucoprotease. 

Experiment  13. 

Powder  No.  5.     Time  7  days.     Ox  serum  collected  two  days  before  and  kept  on  ice. 

Nitrogen  as  deci-normal 
acid  in  100  c.c.  of  filtrate 

A.  Powder  0*2  gm.  +  casein  sol.  50  c.c. 

+  serum  (1  to  saline  2)  50  c.c.  (heated)  =  36*6 

B.  Powder  0-2  gm.  + casein  sol.  50  c.c. 

+  serum  (1  to  saline  2)  50  c.c.  (fresh)  =  23-8 

C.  Powder  0-2  gm.  heated  +  casein  sol.  50  c.c. 

+  serum  (1  to  saline  2)  50  c.c.  (heated)  =  6*4 

Heated  in  water  bath  to  dryness  from  wet  state.  100  c.c.  tannic  acid  added.  Took 
100  c.c.  filtrate. 

Experiment  14. 

Powder  No.  5.  Time  4  days  under  sol.  5  c.c.  Serum  Ox  collected  previous  day. 
Dil.  serum  1,  normal  saline  3,  a  total  of  50  c.c.  of  diluted  serum  in  each.  The  heated 
serum  was  raised  to  91°  C.     Substrate,  casein  sol.  2-5  %  ^^  0-25  7o  sod.  carb.  sol. 


Dilute  serum 

Nitrogen  as  deci- 

^ 

-^ 

, 

normal  acid  in 

Powder 

Casein  sol. 

Heated 

Unheated 

100 c.c.  of  filtrate 

(a) 

0-2 

gm. 

+ 

50 

c.c. 

+ 

50  c.c. 

+ 

0 

c.c. 

= 

37  0 

(&) 

0-2 

+ 

50 

+ 

40 

+ 

10 

= 

29-0 

(c) 

0-2 

+ 

50 

+ 

25 

+ 

25 

= 

22-3 

id) 

0-2 

+ 

50 

+ 

0 

+ 

50 

= 

18-0 

(e) 

0-2 

+ 

50 

+ 

50 

+ 

0 

= 

5-1  control 

Tannic  acid  100  c.c.     100  c.c.  of  filtrate  taken  for  estimation. 


Experiment  15. 


Same  conditions  with  same  serum.     Time  2  days. 


Dilute  serum  Nitrogen  as  deci- 

normal  acid  in 


Powder  Casein  sol.  Heated  Unheated  100  c.c.  of  filtrate 

(a)     0-2  gm.     +  50  c.c.      +  50  c.c.      +  0  c.c.      =  26-1 

(6)     0-2  -f  50  -f  25  +  25  =  16'3 

(c)     0-2  +  50  -f  0  -f  50  =  11-0 

Tannic  acid  100  c.c.  100  c.c.  of  filtrate  taken  for  estimation. 
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Experiment  16. 


Powder  No.   6.     Time  2|  days.     Substrate,  casein  sol.  50c.e. 
serum  1,  normal  saline  4.     Total  of  20  c.c.  serum  in  each  case. 


Goat  serum,  diluted, 


Powder 

Substrate 

Dilute  serum 

Nitrogen  as  deci- 

Heated 

Unheated 

liKJi.  lllcLL  ai\ji.\.l    111 

50  c.c.  of  filtrate 

(a) 

0-2 

gm. 

+ 

50 

c.c. 

+ 

20 

c.c. 

+ 

0  c.c. 

= 

19-3 

(&) 

0-2 

+ 

50 

+ 

15 

+ 

5 

= 

17-6 

(c) 

0-2 

+ 

50 

+ 

10 

+ 

10 

= 

15-2 

(d) 

0-2 

+ 

50 

+ 

5 

+ 

15 

= 

15-0 

(e) 

0-2 

+ 

50 

+ 

0 

+ 

20 

= 

13-3 

if) 

0-2( 

heat- 
ed) 

-h 

50 

+ 

20 

+ 

0 

= 

2-8 

Tannic  acid  50  c.c.  added.     Took  50  c.c.  of  filtrate. 


Experiment  17. 


Poioder  No.  6.     Time  2|  days.     Substrate,  casein  50  c.c. 
normal  saline  4.     Total  of  20  c.c.  dil.  serum  in  each. 


Serum  Ox,  dil.  serum  1, 


Powder 

Substrate 

Dilute 

serum 

Nitrogen  as  deci- 

Heated 

.  Unheated 

50  c.c.  of  filtrate 

{^') 

0-2  gm. 

+ 

50  c.c. 

+ 

20  c.c. 

+ 

Oc.c. 

= 

19-0 

(b) 

0-2 

+ 

50 

+ 

10 

+ 

10 

= 

15-5 

(c) 

0-2 

+ 

50 

+ 

0 

+ 

20 

= 

130 

('0 

0-2(heat- 

+ 

50 

+ 

20 

'  + 

0 

= 

2-9 

Tannic  acid  50  c.c.  added.     50  c.c.  of  filtrate  taken  for  estimation. 


Exjoeriment  18. 


Poioder  No.  8.     Substrate,  casein  50  c.c.     Time  2 J  days, 
normal  saline  4.     Total  of  20  c.c.  dil.  serum  in  each. 


Serum  Goat,  dil.  serum  1, 


Powder 

Substrate 

Dilute  serum 

Nitrogen  as  deci- 

Heated 

Unheated 

50  c.c.  of  filtrate 

(«) 

0-2  gm. 

+ 

50  c.c. 

+ 

20  c.c. 

+ 

0  c.c. 

= 

21-0 

('>) 

0-2 

+ 

50 

+ 

10 

+ 

10 

=r 

17-4 

(c) 

0-2 

+ 

50 

+ 

0 

+ 

20 

= 

14-6 

{d) 

0-2 

+ 

50 

+ 

20 

+ 

0 

= 

2-8 

Tannic  acid  50  c.c.  added.     100  c.c.  of  filtrate  taken  for  estimation. 


Comparative  inhibitory  effect  of  Sera  from  Different  Animals. 

With  regard  to  the  degree  of  inhibition  manifested  by  normal  sera 
Opie  and  Barker  (1907)  find  it  is  not  more  marked  with  the  serum  of 
the  species  of  animal  from  which  the  leucoprotease  is  taken  than  with 
other  sera. 
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Pappenheini's  results  (quoted  by  Eisner  1909)  do  not  agree  alto- 
gether with  Opie's.  Pappenheim  found  the  serum  of  the  rabbit  to  be 
less  active  than  that  of  the  dog  versus  leucoprotease.  He  however 
agrees  that  birds'  sera  are  little,  if  at  all,  active. 

Delezenne  using  trypsin  as  ferment  found  considerable  differences 
between  various  animal  sera  in  their  anti-power  towards  this  ferment. 

Mesnil  (1903)  working  with  actinodiastase  as  ferment  found  that 
sera  of  different  species  varied  in  their  anti-power  towards  it  and  gives 
the  following  order  of  activity:  sheep,  goat,  rabbit,  birds. 

As  the  evidence  is  at  present  then,  normal  sera  from  different 
animals  show  varying  degrees  of  activity  towards  proteolytic  ferments. 
This  variability  is  thought  by  various  observers  to  be  a  specific  one  but 
as  regards  leucoprotease  at  any  rate,  where  two  observers  have  worked 
on  the  same  animals  with  the  same  ferment,  they  have  not  infrequently 
arrived  at  contradictory  results,  thus  indicating  that  the  differences  be- 
tween sera  of  individuals  of  the  same  species  is  as  great  as  that  between 
different  species. 

In  my  experiments  I  failed  to  find  any  very  material  difference  be- 
tween the  activity  of  the  sera  of  the  various  mammals  on  which  I  have 
experimented.  In  each  case  controls  of  maximum  digestion,  i.e.  with  all 
serum  heated,  and  also  two  or  more  experiments  with  the  fresh  serum, 
one  with  a  larger  quantity  than  the  other,  were  made.  This  enables  one 
to  see  that  one  is  not  using  such  a  dose  of  serum  that  it  will  give  a 
maximum  effect  under  the  given  conditions.  The  amount  of  serum  added 
in  each  case  is  rendered  equal  by  making  up  to  constant  amount  with 
heated  serum.     The  following  experiments  show  some  of  my  results  : 


Experiment  19. 

Powder  No.  8,  0-2  gm.     Time  3^  days.     Substrate,  50  c.c.  casein  sol.     Serum,  diluted 
serum  1,  water  4.     Total  amount  of  dilute  serum  20  c.c.  in  each  case. 

Nitrogen  as  deci-norinal  acid  in  25  c.c.  of  filtrate 


Dilute  serum 

1^ 

Ox 

Sheep 

Goat 

Rabbit 

1. 

With  20  c.c.  heated 

8-0 

7-9 

7-65 

7-4 

2. 

With  10  c.c.  fresh 

6-8 

6-3 

6-15 

6-4 

3. 

With  20  c.c.  fresh 

— 

5-25 

5-3 

5-6 

4. 

Control 

1-1 

1-0 

1-1 

1-1 

50  c.c.  tannic  acid  sol. 

added.     25  c.c. 

of  filtrate  taken  for  estimation. 
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Experiment  20. 

5  gm.  of  powder  No.  10;  ground  with  glass  in  sodium  carbonate  0*25%  sol.;  centri- 
fuged  ;  filtered  and  made  up  to  500  c.c. 

Enzyme,  solution  as  above  20  c.c.     Time  1\  days.     Substrate,  casein  solution  50  c.c. 
Dilute  serum,  serum  1,  water  4.     Total  of  20  c.c.  of  dilute  serum  in  each  case. 

Nitrogen  as  deci-normal  acid  in  50  c.c.  of  filtrate 


Dilute  serum  Ox  Sheep  Eabbit  Pigeon 

All  serum  heated  7 '4  7-5                      7*3  — 

10  c.c.  dil.  fresh  serum  5*55  5*55                    4'G  7*55 

20  c.c.         ,,           „  4-6  4-4                      3-4  — 

Control  2-15  2-05                    2-3  — 

Tannic  acid  50  c.c.     Filtrate  taken  50  c.c. 

Experiment  21. 

Poioder   No.   10,    '02  gm.     Time   2|  days.      Substrate,    casein   sol.   50  c.c.     Serum, 
1  serum,  4  water.     Total  20  c.c.  in  each  case. 

Nitrogen  as  deci-normal  acid  in  50  c.c.  of  filtrate 

, A ^ 


Dilute  serum  Ox                                  Sheep 

Serum  all  heated  16-15                            16-9 

10  c.c.  fresh  15-35                            14 -05 

20  c.c.     ,,  13-15                            11-8 

Control  2-5                                2-75 

Tannic  acid  added  50  c.c.  Took  50  c.c.  of  filtrate. 


Experiment  22, 

Enzyme.     Powder  No,  5,  0-1  gm.     Substrate,  gelatin  10  "/o  10  c.c.     Time  3|  dayg 
Diluent  sodium  carb.  sol.  0-25  "/o  10  c.c.     Serum  (1 — 6  water),  10  c.c.  in  each  case. 

Nitrogen  as  deci-normal  acid  in  50c.c.  of  filtrate 


Dilute  serum 

/■ 

Ox 

Sheep 

All  serum  heated 

6-0 

5-75 

5  unheated 

4-70 

4-8 

10  unheated 

4-2 

4-3 

Control 

1-8 

1-7 

50  c.c.  tannic  acid  sol. 

added. 

50  c.c. 

of  filtrate  taken. 

Immunity, 

Achalme  (1901)  increased  the  anti-tryptic  power  of  serum  in  guinea- 
pigs  by  injecting  them  intra-peritoneally  with  trypsin.  Dean  (1901) 
immunised  goats  and  geese  with  trypsin  but  obtained  only  a  trifling 
increase  in  anti-tryptic  power. 

Levene  and  Stookey  (1903)  found  that  the  serum  of  trypsin-im- 
munised  rabbits  was  ^markedly  more  powerful  as  anti-body  to  tryptic 
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digestion.  The  animals  were  treated  for  eight  weeks  with  a  dose 
increasing  to  2  c.c.  intravenously. 

Landsteiner  (1907)  failed  to  increase  the  anti-tryptic  power  of  serum 
notwithstanding  a  lengthy  immunisation. 

Jochmann  and  Kantorowicz  (1908)  immunised  rabbits  with  both 
trypsin  and  leucoprotease  and  found  an  increase  of  thirtyfold  in  the 
power  of  the  serum.  The  sera  of  the  animals  injected  with  either 
trypsin  or  leucoprotease  contained  an  anti-body  for  both  enzymes  and 
saturation  of  the  sera  with  the  one  enzyme  exhausted  it  of  its  neutralising 
power  for  both. 

Bergmann  and  Bamberg  (1908)  doubled  the  anti-tryptic  power  of 
dog's  serum  by  two  months'  immunisation. 

Doblin  (1909)  failed  to  increase  the  anti-power  by  injecting  trypsin 
into  rabbits  whereas  Meyer  (1909)  obtained  in  the  same  animals  an 
increased  anti-tryptic  power  after  the  injection  of  trypsin  but  not  after 
trypsinogen  or  kinase. 

My  own  results  with  leucoprotease  are  parallel  with  those  of 
Dean,  there  being  according  to  the  figures  (Ex.  23  and  24  below)  a  slight 
increase  of  anti-power.  As  however  the  nutrition  of  the  goats  was  some- 
what influenced  by  the  course  of  injections,  i.e.  loss  of  weight  was  noticed, 

1  am  inclined  to  think  that  such  slight  variation  as  is  shown  in  the  course 
of  my  experiments  is  as  likely  if  not  more  likely  to  be  caused  by  such 
influences  than  by  any  process  of  true  immunisation.  Had  I  used 
rabbits  or  dogs  the  results  might  have  been  different. 

The  goats  were  treated  by  subcutaneous  injection  of  preparations  of 
the  pus-powder,  prepared  as  mentioned  above.  This  was  either  given 
in  the  form  of  suspensions  in  normal  saline  or  sodium  carbonate  025  % 
sol.  or  by  extracts  of  the  powder  made  by  grinding  it  with  glass  in 
saline  or  sod.  carb.  sol.,  centrifuging  and  filtering.  This  treatment  the 
animals  bore  well.  The  early  injections  were  followed  by  a  good  deal  of 
reaction  causing  firm  nodules  to  appear  which  were  however  subse- 
quently absorbed.  After  the  later  injections  although  the  dose  was 
considerably  increased,  this  was  far  less  marked.  The  doses  injected 
are  shown  in  the  table  as  approximate  amounts  of  powder  used.  I 
have  given  the  actual  ammonia  figures  of  the  estimation  as  well  as  the 
percentages  of  inhibition  of  the  serum. 

In  estimating  this  anti-tryptic  action  the  following  method  was 
used.     0"2  gm.  of  the  powder  was  allowed  to  act  in  the  presence  of 

2  c.c.  and  4  c.c.  of  the  pure  serum  on  50  c.c.  of  2*5  casein  solution  in  the 
sodium    carbonate    solution    0'25  "/o-       In    each   case    the    serum   was 
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Experiment  23. 

:ols 

of  estimations  of  anti-action  of  serum 

Goat  IB 

Goat  2  B 

Dates : 

—8.  3.  '09 

9.  3.  '09 

A. 

21-0 

19-9 

B. 

17-4  (20) 

16-3  (21) 

C. 

14-6  (35) 

13-7  (36) 

D. 

2-8 

2-8 

Dates : 

—26.  3.  '09 

26.  3.  '09 

A. 

18-8 

18-3 

B. 

14-55  (26) 

15-05  (20) 

C. 

12-0  (40) 

13-1  (32) 

D. 

2-2 

2-1 

Dates : 

—14.  4.  '09 

14.  4.  '09 

A. 

16-3 

15-7 

B. 

14-25  (14) 

13-5  (16) 

C. 

11-5  (33) 

11-4  (31) 

D. 

1-8 

1-9 

Dates : 

—24.  4.  '09 

24.  4.  '09 

A. 

17-05 

— 

B. 

14-5  (17) 

14-25  (19) 

C. 

11-9  (34) 

12-5  (30) 

D. 

2-3 

2-15 

Dates : 

—17.  5.  '09 

17.  5.  '09 

A. 

17-65 

17-45 

B. 

14-0  (25) 

14-15  (23) 

C. 

12-0  (39) 

11-75  (40) 

D. 

3-25 

31 

Dates : 

—4.  6.  '09 

4.  6.  '09 

A. 

14-85 

15-55 

B. 

11-8  (25) 

11-85  (28) 

C. 

9-4  (43) 

— 

D. 

2-4 

2-4 

Dates : 

;— 15.  6.  '09 

15.  6.  '09 

A. 

18-9 

19-6 

B. 

14-4  (28) 

14-45  (30) 

0. 

11-4  (46) 

11-4  (48) 

D. 

2-65 

(2-65) 

Goat  1 L 

26.2. 

'09 

19-3 

15-2 

(24) 

13-3 

(36) 

2-8 

13.3. 

'09 

19-4 

15-6 

(22) 

12-6 

(40) 

26.  3. 

'09 

18-8 

12-45  (38) 

2-2 

First  figures  =  nitrogen  as  c.c.  N/10  acid  in  50  c.c,  of  filtrate.     Figures  in  bracketa  = 
^Iq  reductions.     50  c.c.  tannic  acid  sol.  added. 
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Goat  1  Ti. 

Days 
1 
11 
12 
13 
10 
29 


Experiment  24. 


Amount  of 
powder  injected 


0-05  a 
0-2  a 
0-3  b 
0-4  b 


Percentage  reductionB 


With  2  c.c.  With  4  c.c. 

24  36 


22 


40 
38 


Goat  1  B. 

1 
13 

18 
19 
26 
31 
37 
39 
48 
71 
80 
89 
100 


0-2  b 
0-2  b 

0-2  c 
0-2  c 
0-4  b 

0-8  b 

0-6  d 
1-2  d 
1-6  e 
0-08  IV 


20 


26 


14 

17 
25 

25 

28 


35 


41 


33 

34 
39 

43 
46 


Goat  2  B. 

1 
12 
17 

18 
25 
80 
36 
38 
47 
70 
80 
89 
99 


0-2  b 

0-2  b 

0-2  c 

0-2  c 

0-4  b 

1-0  b 

0-6  d 

1-2  d 

1-6  e 

01  IV 

21 


20 


16 

19 
23 

28 
30 


36 


32 


31 

30 
40 


48 


a — 1  •'/o  extract  in  normal  saline. 

b — suspension  in  sodium  carbonate  solution  0-25  "/„. 

c — suspension  1  "/o  'Q  normal  saline. 

d — 1  ^Iq  extract  in  sodium  carbonate  solution  0-25  ^/^. 

e  — 4  %  suspension  in  normal  saline. 

IV — 1  *^/y  exJract  in  sodium  carbonate  solution  0-25%  given  intravenously. 
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diluted  in  the  proportion  of  1  to  4  of  normal  saline  and  the  total 
amount  of  this  dilute  serum  was  in  each  case  made  up  to  20  c.c.  by 
similarly  diluted  serum  previously  heated  to  90°  C.  In  the  preceding 
table  the  numbers  given  in  the  horizontal  columns  A,  B,  C,  D  represent 
the  following : 

A.  Maximum  digestion  with  all  serum,  20  of  dilute,  heated. 

B.  With  2  c.c.  serum,  10  c.c.  of  the  dilute  serum,  fresh. 

C.  With  4  c.c.  of  the  serum,  20  c.c.  of  dilute,  fresh. 

D.  Control,  enzyme  powder  heated,  serum  all  heated,  20  c.c.  of 
dilute. 

The  figures  in  brackets  after  B  and  C  in  Expt.  23  represent  per- 
centage reduction  of  activity. 

Before  treatment  all  three  goats  gave  percentage  reduction  figures 
between  20  "/o  and  24  7o  for  2  c.c.  of  fresh  serum  and  between  35  7o  and 
36  7o  for  4  c.c.  of  fresh  serum,  while  at  the  end  of  the  course  of  injec- 
tions the  percentage  reduction  figures  for  goats  1 B  and  2  B  were 
between  28  °/o  and  30  "/c  for  2  c.c.  of  fresh  serum  and  between  46  7o  and 
48  7o  foi'  4  c.c.  of  fresh  serum. 

During  the  course  of  estimation  it  will  be  noticed  that  on  one 
occasion  the  percentage  reduction  figures  fell  to  between  14  ^o  and  16  7o 
for  2  c.c.  of  fresh  serum  and  33  7o  and  31  Yo  for  4  c.c.  of  fresh  serum.  I 
think  it  is  likely  that  the  14  7o  and  16  Yo  are  for  some  reason  under- 
estimations  but  otherwise  the  2  c.c.  and  4  c.c.  estimations  run  pretty 
fairly  parallel. 

In  conclusion  I  wish  to  express  my  thanks  to  Dr  Martin,  Director  of 
the  Institute,  and  Professor  Leathes,  Head  of  the  Laboratories  for 
Pathological  Chemistry.  To  Professor  Leathes  I  am  indebted  for  much 
valuable  advice  and  assistance  throughout  the  progress  of  the  work. 
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The  Problem  of  Pulmonary  Tuberculosis  considered  from  the 

Standpoint  of  Disposition. 

By  William  Bulloch,  M.D.,  and  Major  Greenwood,  Juu. 


It  has  long  been  a  commonplace  of  medical  writers  that  the 
development  of  most  diseases  requires  the  co-operation  of  two  sets  of 
circumstances.  On  the  one  hand,  the  organism  within  which  the 
morbid  process  is  to  unfold  itself,  must  conform  to  certain  conditions 
of  structure  and  function.  This  is  the  so-called  "internal"  cause  of 
the  disease.  On  the  other  hand,  some  agent,  the  "  external  "  cause, 
actually  or  functionally  outside  the  organism,  must  exert  an  effect, 
peculiar  to  itself  and  a  property  of  its  ow^n  structure,  upon  the  organism 
which  is  in  process  of  becoming  the  seat  of  the  disease.  In  a  large 
number  of  instances  w^e  now  know  that  the  second  of  the  above- 
mentioned  factors  belongs  to  the  groups  of  simply  organized  plants  or 
animals.  Hence  the  metaphor  of  "  soil  and  seed  "  has  been  conven- 
tionally employed  to  express  the  belief  outlined  in  the  above  sentences, 
and  for  the  present  we  shall  conform  to  this  usage.  It  is  evident  that 
soil  and  seed,  being  biologically  distinct,  may  be  supposed  capable  of 
independent  variation.  Fixing  our  attention  upon  any  one  kind  of  seed,, 
we  may  imagine  that  in  the  whole  ''  population  "  of  such  seeds  all  grades 
of  aptitude  to  germinate  may  be  present.  Similarly  in  the  various  soils, 
all  grades  of  fertility  for  the  growth  of  particular  seeds  may  exist. 
Since  the  two  variables  are  independent,  the  co-existence  of  any  grade 
of  the  one  with  any  grade  of  the  other  is  a  function  of  the  relative 
frequencies  in  each  ''population."  Evidently  if  the  proportion  of  very 
readily  germinating  seeds  in  the  seed  ''  population  "  be  extremely  high, 
and  the  proportion  of  very  infertile  soils  in  the  corresponding  soil 
"  population  "  very  low,  then,  for  that  particular  seed  the  choice  of  soil 
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is  relatively  unimportant.  We  see  instances  of  this  in  such  diseases  as 
measles.  On  the  other  hand,  we  have  reason  to  believe  that  in  the  case 
of  a  disease  like  leprosy,  fertile  soils  are  uncommon.  In  the  case  of 
tuberculous  disease,  especially  in  its  pulmonary  manifestations,  medical 
opinion  has  undergone  fundamental  changes.  There  was  a  time  when 
the  ''  soil"  was  regarded  as  of  overwhelming  importance,  the  existence 
of  the  "  seed  "  being  unknown  or  misjudged.  With  the  discovery  of 
the  tubercle  bacillus  the  trend  of  popular  and,  in  many  places,  medical 
opinion  has  been  to  minimize  the  importance  of  the  soil,  if  not  to 
disregard  it  altogether.  For  reasons  too  obvious  to  require  statement, 
it  is  desirable  to  know  accurately  what  light  has  been  shed  upon  this 
point  by  the  large  number  of  investigators  who  have  studied  it.  We 
propose,  therefore,  to  submit  the  results  of  a  critical  inquiry  as  to  the 
value  of  work  dealing  with  the  respective  shares  of  soil  and  seed  in  the 
genesis  of  pulmonary  tuberculosis.  Before,  however,  entering  upon  the 
details  of  this  work  it  is  desirable  to  refer  to  certain  general  aspects  of 
the  matter  which  are  of  great  importance,  even  if  frequently  overlooked. 
It  is  to  be  carefully  noticed  in  the  first  place  that  no  direct  evidence 
on  a  matter  of  this  kind  can  be  obtained — so  far,  at  least,  as  human 
beings  are  concerned.  Were  it  possible  to  choose  at  random  a  large 
number  of  persons,  to  divide  them  at  birth  into  two  sets,  to  bring  up  one 
class  in  contact  with  exceptional  opportunities  for  infection,  and  the  other 
in  circumstances  presenting  what  one  may  call  usual,  normal,  or  wonted 
facilities,  an  examination  of  the  differential  incidence  of  phthisis  would 
settle  the  question  once  and  for  all.  No  true  experiment  of  this  kind 
has  been,  or  is  likely  to  be,  done.  Cases  often  quoted  as  fulfilling  the 
necessary  conditions  will  not,  we  believe,  stand  critical  examination.  It 
has,  for  instance,  been  suggested  that  a  comparison  between  the  inci- 
dence of  tuberculosis  upon  persons  in  attendance  on  tuberculous  patients 
and  the  general  rate  will  lead  to  results  of  value.  When,  however,  the 
subjects  of  such  a  comparison  are  relatives  of  the  diseased  persons 
the  question  of  inherited  disposition  to  tuberculosis  is  begged.  When 
the  subjects  of  such  a  comparison  are  nurses  or  sick  attendants,  the 
difficulties  of  class  incidence  are  not  allowed  for.  Illogical  conclusions 
of  the  following  nature  are  frequently  met  with  in  popular  medical 
writings.  It  is  pointed  out,  perhaps,  that  the  incidence  of  phthisis 
upon  the  attendants  in  some  chest  hospital  or  sanatorium  for  consump- 
tives is  much  lower  than  upon  the  members  of  the  households  of 
tuberculous  patients  of  the  working  classes.  This  difference  is,  then, 
attributed  to  the  greater  care  exercised  by  the  attendants  in  such  insti- 
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tutions  to  avoid  infection,  as  contrasted  with  the  carelessness  of  hygienic 
measures  and  overcrowding  which  characterize  families  below  the 
poverty  line.  Such  reasoning  is  based  on  the  assumption  that  all 
persons  are  equally  liable  to  develop  phthisis,  given  an  equality  of 
chances  to  become  infected.  In  other  words,  there  is  a  circle  in  the 
proof.  Precisely  the  same  criticism  applies  to  the  inferences  often 
drawn  from  the  higher  prevalence  of  tuberculosis  among  the  poorer 
classes  in  general,  and  in  overcrowded  dwellings  in  particular.  It  will, 
therefore,  be  apparent  that  all  arguments  of  this  kind  require  to  be 
carefully  weighed,  and  that  in  no  circumstance  can  they  be  held  to  be 
of  more  than  secondary  importance.  It  is  equally  clear  that  the 
increased  prevalence  of  phthisis  in  the  families  of  diseased  persons 
cannot  of  itself  demonstrate  the  importance  of  a  disposition  to  the 
malady  in  particular  stocks,  since  such  an  inference  would  in  turn  beg 
the  question  of  increased  opportunities  of  exposure  to  infection. 

A  second  preliminary  observation  relates  to  the  direct  transference 
of  laboratory  or  veterinary  experience  to  the  realms  of  human  pathology. 
Such  a  transference  frequently  savours  of  errors  similar  to  those  pointed 
out  in  the  jests  relating  to  the  mechanics  of  the  examination  room, 
where  wheels  are  frictionless  and  the  weights  of  (very  small)  elephants 
may  be  neglected. 

We  shall  now  briefly  review  some  of  the  more  important  work 
dealing  with  the  problem  under  discussion,  outhning  first  of  all  the  state 
of  medical  knowledge  prior  to  the  discovery  of  the  infectivity  of  tuber- 
culosis. Secondly,  we  shall  examine  briefly  the  more  recent  literature 
dealing  w^ith  the  immediate  problem,  and  finally  some  reference  will  be 
made  to  the  bearing  of  these  results. 

Before,  however,  dealing  with  these  details,  it  may  be  well  to 
consider  the  concepts,  which  have  been  variously  described  as  dispo- 
sition, ''anlage,"  diathesis,  dyscrasia,  constitution,  habitus,  temperament. 
Unfortunately  these  terms  are  used  differently  by  different  authors, 
although  at  one  time  they  were  considered  as  almost  synonymous,  and 
they  were  the  subject  of  speculation  too  theoretical  to  be  otherwise  than 
mentioned  here.  The  importance  of  this  aspect  of  disease  was  largely 
developed  by  the  Montpellier  school,  who  separated  "diathesis"  from 
"disposition."  This  is  clearly  brought  out  in  Sarda's  learned  study,  and 
even  more  distinctly  in  the  following  definitions  from  a  thesis  by 
Pagnon  (1838),  from  which  it  appears  that  a  diathesis  is  an  "  etat 
general  et  acquis  de  I'economie,  modification  insaissable  dans  son  essence, 
pouvant  rester  indefinitivement  latent  et  se  traduisant  a  I'exterieur  sous 
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rinfluence  d'une  cause  quelconque  par  des  phenomenes  identiques  dans 
plusieurs  points.  II  ne  faut  pas  confondre  la  diathese  avec  I'aptitude 
a  contracter  les  maladies.  Cette  derniere  resulte  de  conditions  parti- 
culieres  de  sensibilite  qui  peuvent  se  rencontrer  sans  aucune  modification 
morbifique." 

There  has  also  been  a  growing  tendency  among  the  German  patho- 
logists to  restrict  the  meanings  of  such  words  as  ''disposition"  and 
"  disease-anlage."  The  recognition  of  the  causa  essentialis  and  the 
causa  occasionalis  of  a  disease  is  of  importance.  Thus,  in  his  excellent 
introduction  in  the  Krehl-Marchand  "  Handbuch  der  allgemeinen 
Pathologie  "  (1908),  Marchand  says  :  "  Ein  Krankheitsanlage  im  eigent- 
lichen  Sinne  ist  eine  innere  Causa  essentialis,  die  ohne  notwendiges 
Hinzutreten  einer  anderen  Ursache  die  krankhaften  Veranderungen  zur 
Folge  hat  oder  zur  Folge  haben  kann  wenn  auch  in  vielen  Fallen  eine 
aussere  Einwirkung  als  '  Geiegenheitsursache '  (causa  occasionalis)  die 
Krankheit  selbst  hervorruft."  After  referring  to  conditions  like  haemo- 
philia, colour-blindness,  and  developmental  irregularities,  he  goes  on  to 
say  :  ''  In  alien  diesen  Fallen  ist  die  angeborne  Anlage  eine  ihrem  Wesen 
nach  uns  unverstandliche  Eigenthiimlichkeit  der  Organisation  oder  der 
*  Konstitution '  die  eine  gewisse  Minderwertigkeit  in  dieser  oder  jener 
Sphare  bedingt  und  selbst  schon  den  Keim  der  Krankheit  darstellt. 

"  Eine  andere  Eeihe  von  sogennanten  Dispositionen  oder  Anlagen  ist 
niclit  essentieller  Natur.  Man  versteht  darunter  die  grossere  Empfang- 
lichkeit  oder  geringere  Widerstandsfahigkeit  des  Organismus  gegeniiber 
gewissen  ausseren  Einwirkungen  die  die  eigentliche  Krankheitsursache 
darstellen.  Niemals  kan  eine  solche  'Disposition'  die  Krankheit  selbst 
zur  Folge  haben." 

Birch-Hirschfeld  uses  the  terms  "  Anlage  "  and  "  Disposition  "  as 
interchangeable.  "Als  Constitution  bezeichnet  man  die  Gesammt- 
anlage  des  Korpers,  sowohl  hinsichtlich  der  Menge  und  des  Verhalt- 
nisses  seiner  einzelnen  Bestandtheile  zu  einander,  als  auch  nach  dem 
Maass  seiner  activen  Leistung  in  der  einen  oder  anderen  Bichtung  mit 
Einschluss  seiner  Beizbarkeit  sowie  seiner  passiven  Widerstandsfahig- 
keit. Der  Ausdruck  der  Constitution  in  der  ausseren  Erscheinung  wird 
als  Habitus  bezeichnet ;  wahrend  die  Art  der  Beaktion  die  namentlich 
auch  in  den  psychischen  Bewegungen  hervortritt  als  Temperament 
benannt  wird." 

Like  Marchand,  Baumgarten  also  distinguishes  the  "disease-anlage," 
from  the  disposition.  "  Unter  Anlagen,"  he  says,  "  verstehen  wir  eine 
derartige  in  der  Zellensubstanz   bereits  vorhandene  Abweichung    ihrer 
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Lebensbewcgung  von  der  Norm,  welche  sich  wandelnd  durcli  die  in  ihr 
liegende  Kichtung  aus  sich  selbst  heraus  friiher  oder  spater  zu  den 
Erscheinungen  fiihrt,  oder  fiihren  kann,  welche  zu  einem  einheitlichen 
Bilde  zusammengefasst  wir  die  Krankheit  nennen  .  .  .  Unter  Disposition 
verstehen  wir  den  einen  der  fiir  das  Zustandekommen  einer  bestimmten 
Krankheit  notwendigen  Faktoren." 

Ribbert  refers  to  the  Disposition  as  ''  diejenige  Eigenschaft  eines 
Organismus  welche  krankheitserregende  Ursachen  eine  erfolgreiche 
Einwirkung  gestattet." 

These  quotations  will  suffice  to  show^  the  advisability  of  separating 
the  ''  disease-anlage "  (diathesis)  from  that  condition  of  susceptibility 
to  disease  which  is  commonly  called  "  disposition."  With  special  refer- 
ence to  tuberculosis  this  is  found  running  through  the  whole  of  medical 
literature.  At  first  described  as  the  phthisical  "  constitution "  or 
"habitus,"  we  find,  later,  such  terms  as  '' procatarxis,"  "predisposi- 
tion," or  "diathesis"  as  essential  elements  in  the  conception  of  this 
disease.  In  point  of  time  we  find  in  the  classical  writers,  mainly  the 
idea  of  constitution  or  habitus.  Later,  writers  like  Richard  Morton, 
Desault,  and  others,  described  accurately  what  w^e  should  call  the  "  pre- 
disposing "  factors ;  while,  at  a  still  later  period,  Bayle  founded  the 
doctrine  of  the  tuberculous  "  diathesis  "  in  the  strict  sense  of  the  word. 
Subsequent  to  the  period  of  Laennec  and  Louis  there  was  a  gradual 
return  to  the  doctrine  of  disposition  which,  in  combination  with  the 
causa  essejitialis,  determined  the  occurrence  of  a  tuberculous  infection. 
The  relative  importance  of  the  disposing  as  contrasted  with  the  infective 
element  is  the  subject  under  discussion. 

The  description  of  the  consumptive  type  created  by  Hippocrates 
runs  like  a  thread  through  the  whole  fabric  of  medical  literature.  In 
the  third  book  of  the  "  Epidemics  "  he  says  :  "  The  form  of  the  body 
peculiarly  subject  to  phthisical  complaints  was  the  smooth,  the  whitish, 
that  resembling  the  lentil,  the  reddish,  the  blue-eyed,  the  leuco- 
phlegmatic,  and  that  with  scapulae  having  the  appearance  of  wings." 

In  the  pseudo-Hippocratic  treatise  "  Prorrhetics  "  it  is  stated  that 
phthisis  is  difficult  to  remove  if  hereditary.-^  In  the  sixth  book  of  the 
"Epidemics,"  which  is  probably  spurious,  there  is  a  passage  which 
suggests  a  belief  in  the  constitutional  factor.  In  Yan  der  Linden's  Latin 
translation  it  is  given  :  "  Morbus  tabidam  speciem  inducit  si  talis  ex 
natura  aeger  fuerit  ex  tali  morbo  superstes  evadet;  et  alia  eodem  modo.""^ 

'  Adams's  translation,  i,  p.  259. 
-'  Leiden,  16G5,  i,  p.  817. 
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Galen,  in  his  account  of  the  phthisical  type  makes  the  same  remark 
as  Hippocrates  with  respect  to  the  scapulae,  and  he  notices  the  narrow, 
shallow  chest  which  frequently  figures  in  later  accounts.-^  Celsus,  while 
reproducing  Hippocrates's  clinical  description,  does  not  refer  to  the 
existence  of  a  disposition,  but  he  recommends  taking  "a  long  voyage, 
change  of  climate,  taking  care  to  remove  to  a  grosser  air"  (Book  III, 
chapter  xxii). 

Pliny  (28 — 79  a.d.)  also  makes  no  reference  to  disposition,  but 
incidentally  we  may  remark  that  he  refers  to  a  treatment  popularly 
supposed  to  be  quite  modern  :  "  Silvas  eas  dumtaxat  quae  picis  resinaeque 
gratia  radantur  utilissimas  esse,  phthisicis,  aut  qui  longa  aegritudine 
non  recolligant  vires  satis  constat ;  et  ilium  coeli  aera,  plus  ita  quam 
navigationem  Aegyptiam  proficere  plus  quam  lactis  herbidos  per  montium 
aestiva  potus."  ^ 

The  post-Galenical  writers,  Aretaios,  Rhuphus  of  Ephesus,  Oreibasios 
Aetios,  Alexandros  of  Tralles,  and  Paulus  of  Aegina  were  collected  in 
a  single  volume  by  Henry  Stephans  in  1564.  Unless  the  phrase  of 
Aetios  (de  febribus  hecticis  ac  tabidis).  "Eas  vero  quae  in  tabem 
procedunt,  sanare  impossibile  est.  Natura  enim  ipsarum  calida  est  et 
sicca,"  ^  may  be  considered  to  have  reference  to  a  constitutional  con- 
dition, we  have  found  no  new  facts  pointing  to  this  belief  in  their 
writings.  Avicenna  (eleventh  century),  in  the  third  book  of  the  Canon, 
deals  with  the  point  at  some  length.  His  account  is  transcribed  in  a 
footnote,^  and  appears  to  be  little  more  than  an  amplification  of  the 
Hippocratic  and  Galenical  tradition. 

'  See  Adams's  translation  of  Hippocrates,  p.  353,  note  3. 

^  Book  xxiv,  cap.  6. 

3  "  Tetrabiblon,"  II,  i,  cap.  92. 

^  Avicenna,  Lib.  Ill,  Tract  4,  cap.  20  (Alpagus's  translation,  edition  1657,  p.  271) :  "  Istisunt 
alati  babentes  pectus  strictum,  habentes  spatulas  nudas  carne  et  proprie  posterius  habentes 
spatulas  declives  ad  anteriora  eminentes  et  quasi  unicuique  eorum  sunt  duae  alae  et  quasi 
spatulae  ejus  sunt  abscissae  ab  adjutorio  et  anteet  retro  ;  et  habentes  colla  longa  et  inclinantes 
Gi  ad  anteriora.  Et  quandoque  praecedunt  guttura  ipsoruni  et  eminent.  Et  in  pectoribus 
quidem  ipsorum,  quae  sequntur  ea,  multiplicantur  ventositates  et  infiatio  est  in  eis  propter 
parvitatem  pectorum  eorum.  Si  autern  cum  hoc  est  debilitas  cerebrorum  recipientum  super- 
fluitates  et  cum  hoc  non  digeruntur  cibi,  tunc  jam  complcntur  conditiones  :  et  proprie  si 
fuerint  humores  eorum  acuti  cholerici.  Et  formae  quidem  susceptibiles  phthisis  velociter  cum 
alatione  prsodicta,  sunt  lenes  absque  pilis  albae  declinantes  ad  russedinem  ;  et  etiam  coi'pora 
dura  spissa  propter  illud  quod  accidit  eis  de  ruptione  venarum.  Et  complexio  susceptibilis 
illius,  est  ejus  cujus  complexio  est  frigidior.  Et  aetas  in  qua  multiplicatur  phthisis  est  ilia 
quae  est  inter  octavum  et  decimum  annum  usque  ad  adventum  (XXX)  annorum.  [N.B.,  the 
Hippocratic  limits  are  18 — 35  years.— W.  B.,  M.  G.]  Et  ipsa  in  regionc  frigida,  est  plus 
propter  illud,  quod  accidit  in  ea  de  ruptione  venarum  et  sputo  sanguinis  plurimo.  Et  tempus 
in  quo  multiplicatur  illud,  est  autumnus." 
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From  these  varied  quotations  it  will  be  seen  that  while  a  belief  in 
the  existence  of  a  physical  type  or  habitus  specially  prone  to  phthisis  is 
to  be  found  in  the  great  medical  classics  it  is  certainly  not  clear  that 
very  great  stress  was  laid  on  the  matter.  As  we  shall  show,  it  is  cleai", 
however,  that  the  idea  that  phthisis  is  an  infective  disease  was  not  so 
entirely  neglected  by  the  ancients  as  has  often  been  thought. 

As  a  considerable  proportion  of  the  medical  writings  of  the  fifteenth 
and  sixteenth  centuries  are  purely  derivative,  we  need  not  stay  to 
analyse  them.  Coming  to  the  seventeenth  century,  we  may  point  out 
that  Christopher  Bennet,  the  first  English  writer  on  phthisis  (1654), 
refers  to  the  hereditary  nature  of  the  disease,  which  by  the  time  we 
reach  the  eighteenth  century  had  become  a  mere  commonplace  of  the 
literature.  This  had  also  been  emphasized  by  Lommius  (1560)  more 
than  a  hundred  years  before.  While  expatiating  on  the  fact  that 
phthisis  is  chronic  and  infallibly  fatal,  and  incident  to  slender  persons 
with  narrow  chests,  long  necks,  prominent  scapula?,  distorted  legs,  and 
to  those  persons  subject  to  frequent  defluxions,  he  adds,  "  idem  malum 
magna  ex  parte  a  parentibus  ad  liberos  transit  ;  sic  ut  integras  etiam 
familias  veluti  jure  quodam  hereditario  oppugnet." 

With  the  appearance  of  Kichard  Morton's  "  Phthisiologia  "  (1694) 
we  have  emphasis  laid  on  what  we  should  call  the  disposing  causes, 
in  addition  to  the  actual  constitutional  factor  in  the  disease.  He  says 
(p.  64) :  "  The  cause  of  a  consumption  of  the  lungs  in  general  is  a  vitiated 
disposition  of  the  "mass  of  blood  of  the  spirits  in  the  nerves,  contracted 
gradually  from  several  procatartick  or  predisposing  causes  in  which  the 
sharp  or  malignant  serum  or  water  of  the  blood  being  separated  by  the 
soft  or  glandulous  substance  of  the  lungs  does  stuff,  inflame,  and  at 
length  also  exulcerate  the  lungs  themselves,  w^hich  is  the  immediate 
cause  of  this  distemper."  Tl^e  "  procatartick"  causes  specially  referred 
to  are :  (1)  Stopping  of  usual  and  necessary  evacuations,  monthly 
courses,  child-bed  purgations,  old  sores,  fistulas,  issues,  sweating  in  the 
soles  of  the  feet  ;  (2)  passions  of  the  mind — fear,  grief,  anger ; 
(3)  intemperance  in  eating  and  drinking ;  (4)  want  of  exercise  ; 
(5)  night  studies  and  long  watchings ;  (6)  sleeping  in  the  day,  and 
sleeping  much;  (7)  an  ill  air;  (8)  "an  hereditary  disposition  from  the 
parents  does  very  often  bring  a  consumption  of  the  lungs  when  every- 
body knows  very  well  that  those  who  come  of  consumptive  parents  are 
apt  to  fall  into  the  same  distemper  "  ;  (9)  an  ill-formation  of  the  breast, 
whether  it  be  natural  or  accidental.  "  I  call  that  natural  when  the 
breast    is  narrow^  the   neck    long,  the    shoulder-blades  stand  out    like 
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wings,  and  I  call  accidental  when  there  is  crookedness  or  distortion 
of  the  breast,  whereby  not  only  the  parts  of  the  breast,  and  especially 
the  lungs,  being  once  weakened  in  their  tone,  are  rendered  subject  to  the 
flux  of  rheumes."  (10)  Infection;  (11)  chalky  stones  and  such  like  in 
the  lungs  ;  (12)  some  preceding  distemper.  "  The  body  being  thus  pre- 
disposed to  a  consumption  by  these  and  other  such  like  procatartick 
•causes,  the  more  immediate  cause  of  this  distemper  is  for  the  most  part 
the  taking  of  cold,  from  whence  it  comes  to  pass  that  in  a  body  dis- 
posed in  such  a  manner  by  a  load  of  humours  or  water  continually 
derived  from  the  distempered  habit  of  the  body  into  the  lungs  a  cough 
is  caused  that  is  not  easily  shaken  off." 

These  views  of  Morton  were  much  in  advance  of  his  time,  and 
slightly  paraphrased,  may  be  looked  upon  as  the  opinions  largely  held 
at  the  present  day.  They  were  accepted  in  the  main  as  current 
teaching  shortly  after  his  time.  The  popular  medical  view  is  seen  in 
the  following  passage  from  a  not  very  profound  observer,  Salmon.  In 
his  "  Practice  of  Physick  "  (1716)  he  says  :  "  To  these  previous  symptoms 
you  may  add  an  hereditary  disposition  which  gives  more  certainty  to 
all  the  former  signs.  For  as  usually  one  troubled  with  gout  or  stone, 
-asthma,  king's  evil,  mania,  frenzy  or  epilepsy  usually  beget  children 
affected  with  the  same  diseases,  so  likewise  one  troubled  with  a  phthisis 
or  a  consumption  may  beget  a  child  apt  to  have  the  same  disease." 
Kef  erring  to  the  symptoms  of  phthisis,  he  adds  that,  "  though  authors 
and  even  daily  experience  have  approved  all  these  signs  to  be  the 
characteristics  of  a  confirmed  phthisis,  yet  it  is  as  true  that  they  do 
not  all  happen  to  every  patient,  but  some  to  one  patient,  and  others 
of  them  to  another,  and  that  according  as  their  strength,  nature, 
■constitution,  and  habit  of  the  body  will  admit  them." 

It  was  during  the  first  third  of  the  eighteenth  century  that  Pierre 
Desault  (1675-1737),  a  distinguished  physician  of  Bordeaux,  published 
his  important  views  on  the  relationship  of  tubercles  to  the  production  of 
phthisis.  Basing  his  views  on  long-continued  pathological  anatomical 
observations,  he  was  the  first  to  assert  that  the  causes  of  phthisis  were 
"conjoint"  and  "antecedent,"  the  conjoint  cause  being  that  "  dont  la 
presence  fait  la  maladie  et  la  destruction  la  guerit.  Cette  cause 
conjointe  de  la  phthisie  nous  I'etablissons  dans  des  tubercules  et  con- 
cretions qui  se  sont  formez  dans  le  substance  du  poulmon  et  qui  sont 
repandus  dans  ses  lobes.  Ces  concretions  ressemblent  a  des  grains  de 
grele  et  sont  de  differentes  grandeurs."  Desault  distinguished  three 
types  of    persons  becoming    tuberculous  from  antecedent  causes,  viz.  : 
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"  (1)  Ceux  qui  ont  la  poi trine  serree,  le  col  long,  les  cpaules  relevees 
comme  des  ailes  d'oiseau  y  sont  les  plus  sujets  ;  (2)  ceux  qui  ont  le 
malheur  d'etre  nez  de  parens  phthisiques  y  sont  tres-enclins,  car  cette 
maladie  a  cela  de  comniun  avec  bien  d'autres,  qu'elle  se  traduit  par 
heritage  ;  (3)  ceux  qui  sont  engagez  a  vivre  avec  les  phthisiques  a  les 
servir,  peuvent  prendre  le  mal,  pour  peu  qu'ils  y  ayent  de  disposition  ; 
car  11  est  contagieux,  comme  nous  le  serons  voir  dans  la  suite ;  ainsi  les 
femmes  qui  servent  leurs  maris  phthisiques  le  prennent  souvent  d'eux 
et  les  maris  de  leurs  femmes." 

The  famous  van  Swieten,  in  his  commentary  on  Boerhaave,  apropos 
of  the  latter's  aphorism  regarding  the  gravity  of  hereditary  phthisis 
gives  the  details  of  a  family  observed  by  himself.  The  mother  came  of 
ci  phthisical  stock,  and  died  of  phthisis,  together  with  the  rest  of  her 
brothers  and  sisters,  before  the  age  of  30.  The  husband,  a  healthy 
man,  lived  to  be  over  80.  Of  the  four  children  of  the  marriage  which 
survived  infancy  three  died  of  phthisis,  while  the  fourth,  "  reliquorum 
sorte  territus,  tempestivis  venae  sectionibus  funestam  haemoptien  cavit," 
a  plan  of  operations  which  he  seems  to  have  carried  out  with  such 
vigour  as  eventually  to  die  not  of  phthisis  but  of  its  prophylaxis.  The 
children  of  this  man  were  healthy  at  the  time  of  record. 

These  excerpts  will  show  the  current  teaching  on  the  nature  and 
causes  of  phthisis  towards  the  last  third  of  the  eighteenth  century.  But 
a  new  era  was  setting  in.  The  foundations  of  the  morbid  anatomy  of 
phthisis  laid  by  Desault  were  sunk  deeper  by  William  Stark  and 
Matthew  Baillie  in  this  country,  and  the  recognition  of  the  macroscopic 
"tubercle"  as  a  constant  factor  in  consumption  w^as  almost  bound  to 
alter  the  current  of  thought  on  the  aetiology  of  the  disease.  This 
alteration  came  about  particularly  through  the  observations  of  G.  L. 
Bayle,  to  whom  we  largely  owe  the  idea  of  a  tuberculous  diathesis, 
an  idea  destined  to  play  a  dominant  role  in  all  discussions  on  this 
subject,  down  to  the  researches  of  Villemin  and  Koch.  The  evolution 
of  the  idea  of  a  diathesis  as  opposed  to  mere  disposition  is  to  be  found 
in  Bayle's  paper,  *' Eemarques  sur  les  tubercules "  (1803),  and  was 
based  on  the  observation  of  tubercle,  not  only  in  the  lungs  but  in  many 
other  parts  of  the  body,  showing  apparently  that  the  condition  is  not 
only  local  but  general.  As  this  doctrine  was  new,  and  was  destined  to 
be  the  cause  of  heated  conflict  during  the  subsequent  sixty  years  of 
medical  research,  we  quote  Bayle's  exact  words.  On  p.  28  of  the 
above-mentioned  memoir,  under  the  title,  "  Considerations  pathologiques 
relatives  aux  tubercules,"   he  says  :    "II  n'est  pas  rare  de    rencontrer 
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chez  le  meme  sujet  des  tubercules  tres-nombreux  dans  divers  organes  ; 
par  exemple,  dans  les  poumons  et  le  mesentere,  dans  le  mesentere  et  le 
foie  ;  dans  les  poumons,  les  reins  et  la  prostate ;  ou  meme  dans  la 
plupart  des  organes  ou  nous  les  avons  precedemment  decrits.  Cette 
simultaneity  parait  indiquer  que  la  nature  de  tous  les  tubercules  est 
identique,  et  elle  montre  qu'il  existe  souvent  dans  I'economie  une 
disposition  particuliere  qui  determine  leur  formation.  Peut-etre  con- 
viendrait-il  de  designer  sous  le  nom  de  diathese  tuberculeuse,  tendance 
a  la  production  des  tubercules." 

The  opening  years  of  last  century  witnessed  extraordinary  develop- 
ments with  regard  to  the  whole  question  of  phthisis  and  the  establish- 
ment of  the  doctrine  of  tubercle  as  the  morbid  substratum  of  diseases 
which  had  hitherto  been  classified  from  their  semeiological  resemblances 
only.  This  development  we  owe  largely  to  the  magnificent  work  of 
Laennec.  He  laid  the  basis  of  the  doctrine  of  tubercle  as  a  definite 
pathological  change  irrespective  of  its  site ;  he  distinguished  the  nodular 
and  diffuse  forms  of  the  infiltration,  and  established  the  concept  of 
a  "tuberculous  degeneration,"  or  "tuberculous  affection,"  which  was 
the  real  basis  of  conditions  which  had  hitherto  been  misunderstood. 
The  whole  problem  was  elaborated  by  Laennec  into  the  comprehensive 
concept  of  "tuberculosis,"  the  real  essence  of  which  was  some  change 
taking  place  within  the  body  as  the  result  of  various  predisposing  factors, 
many  of  which  he  specified.  A  great  many  of  the  details  of  Laennec's 
teaching,  especially  as  regards  the  evolution  of  tubercle,  were  the  subject 
of  heated  discussion  immediately  after  his  publications.  To  this  period 
belong  the  researches  of  Gendrin,  Lobstein,  Andral,  and  particularly 
Louis  in  France ;  Barron,  Carswell,  and  James  Clark  in  England ; 
Schonlein  and  Canstatt  in  Germany ;  and  Rokitansky  in  Austria. 
But  the  dominating  and  accepted  view  was  that  tubercle  as  a  general 
pathological  process  is  something  inherent  to  the  body  and  dependent 
on  a  diathesis,  or  constitution,  which  is  lighted  into  activity  by  various 
predisposing  causes.  Thus  Andral  says  that  "there  are  certain  habits 
of  body,  certain  constitutions,  innate  or  acquired,  that  predispose  to  the 
development  of  tubercle,  that  is  to  say,  it  most  frequently  appears  in 
those  constitutions,  and  it  is  a  remarkable  fact  that  it  is  in  such  cases 
especially  that  we  observe  the  morbid  production  developing  itself  in 
several  organs  at  once,  both  in  the  young  and  in  the  old  "  (p.  537). 
Further  on  he  says  :  "I  think  I  am  borne  out  by  facts  in  the  two 
following  propositions — (1)  that  the  tubercular  diathesis  is  in  indirect 
|)roportion    to    the    development    of    the    constitution  above  described  ; 
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(2)  that  in  proportion  as  this  constitution  becomes  less  strongly  njarked 
the  tubercles  also  become  less  frequent  and  especially  occur  in  fewer 
organs  at  once."  The  peculiar  constitutions  he  refers  to  are  met  with 
in  individuals  whose  skin  is  very  fair,  and  in  whom  the  prominences  of 
the  cheek  exhibit  a  red  tint  as  if  it  were  laid  on  with  a  brush,  which 
forms  a  remarkable  contrast  with  the  dead  white  of  the  rest  of  the 
cheek.  Their  muscles  are  soft  and  slender  and  show  little  contractile 
power,  their  blood  is  serous  and  deficient  in  fibrin  and  colouring  matter, 
and  among  their  secretions  the  mucous  predominate.  "  It  seems  to  me," 
he  says,  "that  such  persons  preserve  in  adult  age  several  of  the  characters 
belonging  to  the  age  of  childhood,  considered  in  its  healthy  or  morbid 
state  ;  their  organization  is  in  a  manner  arrested  in  its  development." 

That  the  constitution  could  be  transmitted  was  held  as  a  fixed 
belief.  It  was  also  held,  however,  that  the  disposition  might  remain 
latent.  Thus  the  illustrious  Thomas  Young  wrote  in  1815  :  "  There  is 
a  very  general  prejudice  respecting  the  transmission  of  a  tendency  to 
scrofula  which  is  often  the  source  of  much  unnecessary  uneasiness ;  it  is 
supposed  by  many  to  constitute  a  marked  and  decided  character, 
incapable  of  being  increased  or  diminished,  and  which  must  in  all 
probability  produce  at  some  time  or  other  the  most  melancholy  effects 
in  the  individual  and  in  his  descendants.  In  fact,  however,  no  man 
was  ever  born  incapable  of  becoming  scrofulous,  and  in  this  sense  every 
person  may  be  said  to  possess  more  or  less  of  a  scrofulous  taint,  which 
may  become  mischievous  or  fatal  to  all,  under  improper  management, 
but  which  in  other  circumstances  may  easily  remain  latent  throughout 
life."  We  commend  the  calm  good  sense  of  this  passage  to  those  enthu- 
siasts who  teach  that  "  soil  "  is  everything,  just  as  we  advise  the  more 
numerous  band  of  zealots  who  hold  seed  to  be  all  important  to  peruse 
another    passage  from  the  same  work,  which  we  shall  cite  directly. 

The  diathetic  doctrine  of  Bayle,  which  spread  through  the  works  of 
the  early  years  of  the  nineteenth  century,  appeared  on  so  firm  a  basis 
that  even  with  the  rise  of  exact  morbid  anatomy  it  still  continued  as  a 
fundamental  belief.  Thus  in  Kokitansky  we  find  the  prevailing  idea 
of  a  dyscrasia :  ''Das  Exudat  kann  in  einzelnen  Fallen  das  lokale 
Product  einer  Entziindungsstase  sein,  gemeinhin  ist  diese  aber  selbst 
die  Lokalisation  der  Tuberkelkrasis,  und  das  tuberculose  Exudat  somit 
grosstentheils  das  Product  allgemeiner  dyskrasischer  Yorgange."  As 
manifestations  of  this  dyscrasia,  Hokitansky,  on  the  basis  of  his 
enormous  pathological  experience,  fornnilated  his  conception  of  the 
"  phthisical  habitus,"  viz.,  a  heart  too  small  for  voluminous  lungs  in   a 
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long  narrow  thorax,  a  certain  crasis  of  the  blood  favouring  exudations, 
a  dehcate  arterial  wall,  a  weak  muscular  system,  c^^c.  In  spite  of  the 
additional  powers  given  to  Virchow  through  the  perfection  of  patho- 
logical histology,  even  he  was  dominated  by  and  permeated  with  the 
idea  of  a  tuberculous  disposition  or  dyscrasia.  In  the  second  volume  of 
his  great  work,  "  Die  krankhafte  Geschwlilste,"  published  so  late  as 
1864,  he  still  maintained  that  the  cause  of  tubercle  is  to  be  sought  in 
a  general  or  local  disposition  leading  to  a  vulnerability  of  the  tissues. 
"Die  Tuberculose,"  he  says,  '' ist  wesentlich  eine  Krankheit  des  extra- 
uterinen  Lebens  und  wenn  sie  hereditar  sind,  was  nicht  bezweifelt 
werden  kann,  so  ist  sie  doch  nicht  congenital.  Hereditar  ist  sie  nicht 
als  Krankheit  sondern  als  Disposition.  .  .  .  Die  Gewebe  sind  die 
Trager  der  Disposition,  der  hereditaren  Vulnerabihtat." 

It  was  shortly  prior  to  the  publication  of  Virchow 's  great  work  that 
Buhl  in  Munich  had  introduced  into  the  whole  subject  a  new  conception 
in  so  far  as  he  emphasized  the  constant  association  of  miliary  tuber- 
culosis with  a  pre-existing  caseous  focus,  and  he  correctly  interpreted 
these  two  factors  as  those  of  effect  and  cause.  According  to  him 
tubercle  is  a  specific  resorptive  disease  originating  in  the  absorption  of 
a  special  poison  into  the  blood,  and  he  considered  that  the  inheritance 
of  the  disease  consisted  in  the  transference  of  the  special  poison  to 
the  germ  cells.  In  1865  came  the  epoch-making  communication  of 
Villemin,  in  which  he  was  able  to  assert  that  tubercle  is  a  specific 
infective  disease  with  its  cause  residing  in  an  inoculable  agent.  His 
subsequent  observations  w^ere  collected  in  his  great  work,  "  Etudes  sur 
la  tuberculose,"  published  in  1868.  In  spite  of  his  demonstration  that 
tuberculosis  is  due  to  a  specific  inoculable  virus,  he  was  not  carried  away 
with  the  idea  that  the  mere  presence  of  this  virus  explains  all  the 
phenomena  of  the  disease,  for  he  particularly  emphasizes  the  fact  that 
in  the  prophylaxis  of  tuberculosis  two  points  are  of  cardinal  importance, 
viz.,  the  knowledge  of  the  existence  and  condensation  of  the  morbid 
ferment,  and  "  I'aptitude  du  milieu  organique."  "  L'hygieniste,"  he  says, 
in  conclusion,  "  ne  doit  pas  perdre  de  vue  les  principes  qui  reposent  sur 
ces  deux  ordres  de  faits."  In  his  last  important  paper,  "  De  la  pro- 
pagation de  la  phthisie  "  (1869),  he  sums  up  in  masterly  style  his  views 
on  the  dissemination  of  the  disease,  views  which  it  may  be  said  have 
originated  the  whole  trend  of  medical  opinion  since  his  time.  By  series 
of  experiments  he  demonstrated  anew  the  infectivity  of  phthisical  sputum 
by  inoculation,  inhalation,  or  ingestion ;  pointing  out  the  danger  of 
sputum    getting    into    the    air    as    dust.     He    recognized   the  fact  that 
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disease  tlian  it  is  of  conveyin^^  glanders.  The  virulent  piinciples  of 
both  diseases  do  not  seem  volatile  enough  to  be  conveyed  by  air. 
Phthisis  does  not  seem  to  spread  among  tlie  attendants  in  consumptive 
hospitals  in  London  because  the  expectorated  matters  are  received  into 
places  where  they  can  decompose.  The  most  favourable  conditions  for 
contagion  are  to  be  found  in  tlie  dv^^ellings  of  the  poor  and  in  common 
habitations,  such  as  barracks,  convents,  prisons,  &c.  He  concludes  that 
the  prophylaxis  of  phthisis  may  be  summed  up  by  avoiding  the  morbific 
agent  and  augmenting  the  resistance  of  the  organism.  In  reading  the 
work  of  Villemin  one  cannot  but  be  struck  by  the  temperate  view  he 
takes  even  in  the  presence  of  the  momentous  discovery  he  had  made 
that  tubercle  is  an  infective  disease,  for  by  demonstrating  that  its  cause 
is  essentially  external  he  had  destroyed  for  ever  the  belief  that  tubercle 
owes  its  origin  to  some  internal  transformation  of  the  tissues  excited  by 
an  accidental  or  occasional  cause.  Even  in  the  light  of  the  discovery  of 
a  specific  virus  he  realized  the  importance  of  the  terrain  or  soil  on  which 
this  virus  is  to  flourish. 

The  fifteen  years  following  Villemin's  publication  may  be  described 
as  the  "  Sturm  und  Drang "  period  in  the  research  on  tubercle.  Its 
culminating  point  was  Koch's  famous  paper,  ''  Ueber  Tuberculose," 
delivered  before  the  Berlin  Physiological  Society  on  March  24,  1882.^ 
In  it  we  have  the  isolation  of  the  actual  virus  of  tuberculosis  and  the 
demonstration  of  the  unity  of  tubercle  as  a  pathological  process — a 
complete  and  irrefutable  confirmation  of  the  doctrines  of  Laennec  and 
Villemin.  In  his  completed  paper  ("  Pie  Aetiologie  der  Tuberculose," 
1884)  Koch  also  refers  to  the  hereditary  predisposition  to  tuberculosis  in 
a  particularly  temperate  manner.  "  Against  the  view,"  he  says,  "  of  the 
unity  of  all  forms  of  disease  caused  by  tubercle  bacilli  is  the  material 
difference  in  the  course  taken  by  the  disease  in  different  individuals 
of  the  same  race,  and  in  their  susceptibility  to  tuberculous  infection. 
These  are,  however,  phenomena  which  appear  in  a  more  or  less  marked 
manner  with  all  infective  diseases.  It  is  usual  to  get  out  of  the  difficulty 
by  supposing  that  there  is  a  difference  in  the  predisposition  to  the 
disease  both  as  regards  taking  it  in  the  first  place  and  the  greater  or  less 
severity  of  the  course  it  runs,  but  this  specifies  the  fact  rather  than 
explains  it.  Some  of  the  dissimilarities  in  the  pictures  presented 
by  cases  of  tuberculosis  may  be  ascribed  to  differences  in  the  seat  of 
infection.  Then,  too,  the  quantity  of  infective  material  coming  int<> 
operation  in  the  first  place  seems  to  be  of  essential  importance 

'  Arch.f.  Anat.  u.  Physiol.  (Physiol.  Abth.),  Leipz.,  1SS2,  p.  190. 
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But  although  a  good  many  of  the  phenomena  classed  together  under  the 
head  of  '  predisposition  '  may  be  referred  to  simple  and  easily  explained 
conditions,  some  facts  still  remain  difficult  or  impossible  to  interpret, 
compelling  us  for  the  present  to  accept  the  view  of  a  varying  liability. 
Most  important  of  all  is  the  striking  difference  between  the  course 
of  tuberculosis  in  children  and  in  adults,  and  again  the  undeniable 
predisposition  to  tuberculosis  which  exists  in  some  families.  In 
the  latter  instance  many  of  the  cases  of  illness,  where  predisposition 
is  supposed  to  be  an  important  factor,  might  rather  be  ascribed  to 
increased  opportunities  of  infection,  and  there  are  also  peculiar  pre- 
disposing influences  connected  with  the  family  constitution  to  be  thought 
of,  such  as  a  tendency  to  catarrhal  affections  of  the  respiratory  organs 
and  imperfect  development  of  the  thorax.  Still  many  carefully  observed 
cases  remain  which  cannot  be  explained  in  this  manner."  Koch  also 
emphasized  the  fact  that  the  disposition  to  the  disease  must  be  variable 
as  regards  time,  for  a  tubercle  might  attain  a  considerable  size  and  then 
contract  and  cicatrize.  Such  temporal  changes  show  that  there  is 
nothing  against  the  view  that  conditions  favourable  or  unfavourable 
to  the  tubercle  bacilli  are  present  in  some  human  beings  not  only 
temporarily  but  for  the  whole  lifetime.  With  regard  to  the  question  of 
inheritance  in  tuberculosis,  he  expressed  himself  quite  definitely  in  the 
statement  that  it  "is  explained  most  naturally  by  supposing  that 
the  infective  germ  itself  is  not  inherited  but  rather  certain  peculiarities 
favourable  to  the  development  of  germs  which  may  later  on  come  into 
contact  with  the  body — in  fact,  it  is  the  predisposition  to  tuberculosis 
which  is  inherited." 

In  spite  of  the  temperate  views  expressed  both  by  Villemin  and 
Koch,  the  founders  of  the  doctrine  of  infectivity  of  tuberculosis,  many  of 
their  successors  at  once  adopted  much  more  advanced  views,  in  which  an 
overwhelming  importance  was  ascribed  to  the  infective  agent.  We  have, 
however,  seen  the  belief  in  a  special  susceptibility  of  persons  conforming 
to  a  particular  physical  type  recurring  at  intervals  from  the  time  of 
Hippocrates  to  the  end  of  the  nineteenth  century.  Great  and  often 
untrustworthy  as  may  be  the  influence  of  dogma  and  tradition,  it  is 
surely  unscientific  to  pretend  that  this  belief  is  without  any  other 
warrant  than  mere  authority.  Evidently,  if  it  is  once  admitted  that  a 
phthisical  type  exists,  then  it  is  clear  that  the  question  of  an  inherited 
disposition  becomes  of  more  than  academic  interest,  since  few  will  deny 
that  the  physical  characters  of  mankind  are  heritable  in  a  high  degree. 
In  our  opinion  there  is  no  warrant  for  calmly  ignoring,  as  has  been  done, 
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C()NTA(iION. 

It  may  be  a  fact  that  in  pre-bacteriological  days  too  little  stress 
was  laid  upon  the  communicability  of  phthisis,  but  it  is  a  vulgar  error 
to  suppose  that  the  matter  was  never  discussed.  Aristotle,  in  the 
"  Problems,"^  inquires  why  consumption,  but  not  dropsy,  can  be  com- 
municated to  persons  near  at  hand.  ''  A  consumption  infects  because 
it  renders  the  breath  bad  and  heavy.  And  those  diseases  are  caught 
the  most  rapidly  of  all  others  which  arise  from  putrid  breath — such,  for 
instance,  as  are  pestilential  diseases.  But  he  who  approaches  such 
disorders  as  these  draws  to  himself  a  breath  of  this  kind.  He  becomes 
diseased,  therefore,  because  such  breath  is  noxious.  But  he  becomes 
diseased  through  one  person  because  this  one  person  alone  has  a  putrid 
breath  and  others  have  a  difi'erent  breath.  And  he  is  infected  with  the 
same  disease  because  the  breath  of  a  consumptive  person  is  vitiated 
through  the  consumption  alone."  Francis  Adams,  the  learned  trans- 
lator of  Hippocrates,  adduces  reasons  for  holding  that  Isocrates  thought 
consumption  to  be  contagious.  Galen  says  explicitly  that  ''  it  is 
dangerous  to  pass  the  whole  day  with  the  consumptive,  and  in  general 
with  all  those  persons  whose  diseases  generate  putrid  effusions,  so  as  to 
make  the  house  in  which  they  live  offensive."  Avicenna  also  considered 
consumption  to  be  contagious. 

Coming  to  modern  times,  Lommius  (1560)  has  the  following  striking 
passage:  "Jam  etiam  sputum  mistum  purulentum,  idemque  foetidum 
quod  halitus  etiam  contagione  imprudentes  alios  labefactat,  assiduaque 
febris,  quae  opportuna  cibo  tempora  eripit  et  multam  sitim  movet,  in 
tenui  corpore  certum  esse  periculum  ostendunt."  Morton  (1694)  was 
convinced  that  consumption  is  propagated  by  infection:  "  T'or  this 
distemper  (as  I  have  observed  by  frequent  experience),  like  a  contagious 
fever,  does  infect  those  that  lye  with  the  sick  person  with  a  certain 
taint."  He  refers  to  the  case  of  a  phthisical  youth  who  appeared  to 
have  infected  both  his  sister  and  a  nurse  with  the  disease.  We  have 
already  quoted  similar  views  as  expressed  by  Desault.  The  question 
was  also  discussed  by  Frederick  Hoffmann  (1740),  who  cites  other 
observations  by  Eiverius  and  Schenck.  In  his  twenty-second  letter, 
treating  of  purulent  and  ill-conditioned  empyema  and  phthisis,  Morgagni 
(1765)  says  that  Valsalva,  when  a  young  man,  having  been  in  danger  of 
a  consumption,  as  is  written  in  his  life,  was  rather,  cautious  of  dissecting 
bodies  that  had  been  wasted  away  by  disorders  of  this  kind,  and 
Morgagni  adds:   "Ego  vero  ut  me  tibi  aperiam  ilia  fugi  de  industria 

'  Taylor's  translation,  vii,  p.  8. 
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adolescens  et  fugio  vel  senex,  tunc  ut  mihi  nunc  ut  studiosae,  quae  me 
circumstat  juventuti  prospiciani,  cautius  fortasse  quam  opus  sit ;  at 
tutius.  Itaque  non  multa  ille,  ego  vix  aliquod  dissecui."  Van  Swieten, 
in  his  commentaries  on  Boerhaave's  aphorisms,  refers  to  a  youth  who 
spit  up  such  foetid  matter  in  the  morning  that  he  (Van  Swieten)  (who 
was  "  not  so  nice  as  to  be  easily  affected  with  this  kind  of  thing ") 
was  scarce  able  to  endure  the  stench.  "  Certe  juvenis  ille  cujusmodo 
mentionem  feci,  infecit  sororem  et  ancillam  quae  ipsae  in  morbo  assidue 
ministraverant."  The  value  of  Van  Swieten's  testimony  is  perhaps 
discounted  by  the  somewhat  improbable  story  he  relates,  according  to 
which  a  man's  wife  expiring  of  a  consumption,  giving  him  a  farewell 
kiss,  all  that  part  of  his  chin  which  her  lips  had  touched  remained  ever 
after  smooth,  though  the  beard  grew  thick  all  round  ("  postea  ille  locus 
glaber  mansit,  licet  densa  barba  cresceret  in  omni  ambitu").  Cullen 
(1796),  while  not  denying  the  possibility  of  contagion,  had  never,  among 
many  hundreds  of  instances  of  the  disease,  seen  one  which  to  him  could 
appear  to  have  arisen  from  contagion.  Heberden  (1803),  however,  a  con- 
temporary of  Cullen,  had  seen  "  several  die  of  consumption  in  whom  in- 
fection seemed  to  be  the  most  probable  origin  of  their  illness,  from  their 
having  been  constant  companions  or  bedfellows  of  consumptive  persons." 
In  Italy  in  particular  the  contagious  origin  of  phthisis  was  widely 
but  not  universally  accepted.  Thomas  Young,  for  example,  cites  the 
writings  of  Borsieri  (1782),  who  remarked  that  the  College  of  Physicians 
of  Tuscany  had  decided  against  the  contagious  theory,  but  had  not 
succeeded  in  convincing  the  authorities  of  the  uselessness  of  precautions. 
Boiseau,  in  his  learned  paper,  also  cites  Cocchi  (1761)  as  an  anti- 
contagionist.  Young's  own  views  on  the  subject  appear  to  us  worthy 
of  reproduction  in  full.     He  says : — 

"  It  has  been  much  disputed  whether  or  no  consumption  is  ever  capable  of 
being  communicated  by  contagion,  and  it  must  be  allowed  that  it  would  be 
extremely  difficult  to  produce  any  strong  demonstrative  evidence  of  the  fact. 
It  may  often  have  been  observed  that  the  husband  or  wife  of  a  consumptive 
person  has  died  consumptive  within  a  few  months  after  that  person's  death  ; 
but  it  will  appear  upon  calculation,  that  this  circumstance  must  happen  in 
London  more  than  once  in  about  two  months,  before  we  can  deduce  from  it  any 
proof  of  the  pro})able  connexion  of  the  two  events.  For  one,  at  least,  of  50 
adults  may  be  expected  to  die  annually,  and  consequently  one  of  200  by  con- 
sumption, or  one  out  of  400  in  six  months  ;  and  if  we  estimate  the  number  of 
married  persons  dying  annually  of  consumption  at  2,000,  we  may  expect  to  find 
five  instances  of  apparent  contagion  without  any  real  foundation.  The  evidence 
which    has   been  adduced  to  prove  the  infectious  nature  of  consumption   has 
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been  h>'  no  means  of  this  precise  nature,  but  it  has  consisted  in  great  measure 
of  al)sur(l  and  almost  superstitious  accounts  of  tho  ])ro])agation  of  the  disease 
by  articles  of  dross  and  furniture.  At  tlie  same  time,  there  has  l)een  a  very 
general  im])ression  among  medical  men  of  tlie  best  judgment,  with  the  best 
opportunities  for  ol)servation,  that  they  have  met  with  unequivocal  instances 
of  the  communication  of  tho  disease,  especially  between  husl)ands  and  wives, 
and  in  families  partaking  of  tho  same  hereditary  constitution  ;  and  Di-.  Rush 
has  given  an  account  of  a  consumption  manifestly  contagious,  which  spread 
from  the  family  of  the  proprietors  of  an  estate  among  the  negroes,  who  were 
neither  related  to  tlie  first  victims,  nor  had  been  subjected  to  fatigue  or  anxiety 
on  their  account.  I  have  myself  known  an  instance  of  a  carpenter  who  died  of 
a  laryngeal  consumption,  and  whose  wife  died  soon  after,  as  I  was  informed, 
of  a  disease  precisely  similar,  and  I  should  think  it  unjustifiable,  from  a  full 
confidence  in  tiie  absolute  impossibility  of  infection,  unnecessarily  to  expose 
any  person  who  appeared  to  have  the  slightest  predisposition  to  the  disease  to 
any  intimate  communication  with  a  consumptive  patient — as,  for  instance,  to 
sleeping  in  the  same  bed  or  living  constantly  in  the  same  room,  which  is  nearly 
the  extent  of  the  apprehension  expressed  by  Galen  himself,  who  observes 
that  it  is  dangerous  to  pass  the  whole  day  with  consumptive  persons." 
(Young,  pp.  46,  48.) 

Had  this  passage  been  written  in  1910  instead  of  1815,  we  are  not 
acquainted  with  any  evidence  which  would  disentitle  it  to  be  regarded 
as  eminently  worthy  of  the  author's  scientific  reputation. 

Laennec,  while  referring  to  the  fact  that  consumption  had  long 
passed  for  a  contagious  disease  "  by  the  people,  by  magistrates,  and 
some  medical  men,  especially  in  the  southern  parts  of  Europe,"  did  not 
think  that  it  appeared  to  be  contagious  in  France.  "  We  frequently 
observe,"  he  continues,  "  among  the  poorer  classes,  a  numerous  family 
sleeping  in  the  same  apartment  with  a  consumptive  patient,  and 
a  husband  occupying  to  the  last  the  same  bed  with  his  wife  without  any 
communication  of  the  disease.  The  woollen  apparel  and  the  beds  of 
consumptives  which  it  is  the  custom  to  burn  in  certain  countries  are  not 
generally  washed,  and  yet  I  have  never  seen  the  disease  communicated 
by  them.  It  would  be  w^ell,  nevertheless,  were  it  merely  on  the  score  of 
prudence  and  cleanliness  that  greater  precautions  were  taken  in  this 
respect.  It  is  well  ascertained  that  a  disease  not  usually  contagious  may 
become  so  in  certain  circumstances."  Forbes,  whose  translation  of 
Laennec  we  have  just  quoted,  adds  in  a  footnote  that  the  opinion  of  the 
great  majority  of  medical  men  in  this  country  is  opposed  to  contagion,  an 
opinion  which  he  considers  is  justified  equally  by  statistical  facts,  by  the 
truths  of  pathology,  and  by  analogical  reasoning.  Forbes  himself  had 
never  witnessed    among  the  thousands  of  cases  he    had    attended    one 
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unequivocal  instance  of  transmission  by  infection.  Sir  James  Clark, 
one  of  the  most  careful  observers  w^ho  have  written  on  phthisis,  was  of 
the  same  opinion.  That  the  tuberculous  constitution  was  transmitted, 
however,  he  considered  to  be  one  of  the  best  established  points  in  the 
aetiology  of  the  disease.  Louis,  likewise,  whose  work  is  a  mine  in  w^hich 
most  subsequent  writers  have  quarried,  was  no  supporter  of  the  doctrine 
of  contagion.  Sir  Thomas  Watson,  in  his  well-known  treatise,  discusses 
the  question  of  the  contagiosity  of  phthisis  in  his  usual  temperate  manner, 
and  concludes  that  the  "  disorder  does  not  spread  by  contagion." 

We  have  referred  above  to  the  epoch-making  work  of  Villemin,  who 
established  beyond  doubt  the  existence  of  contagion  as  a  factor  in  tuber- 
culosis. About  the  same  time  William  Budd  arrived  at  a  similar 
conclusion  by  a  different  process  of  analysis.  He  noted  the  importance 
of  the  geographical  distribution  of  consumption  in  past  and  present 
times,  and  especially  its  great  fatality  now  in  countries  which  when  first 
discovered  by  Europeans  were  entirely  free  from  it.  He  also  drew 
attention  to  the  prevalence  of  tuberculosis  in  convents,  harems,  barracks, 
and  penitentiaries,  where  the  inmates  live  in  relatively  close  contact 
with  each  other.  It  may  be  pointed  out,  however,  that  the  exact  data 
on  which  Budd  based  his  assertions  are  not  given  in  detail  in  his  paper. 
Shortly  after  the  publication  of  the  writings  of  Budd  and  Villemin 
reports  began  to  appear  which  seemed  to  favour  more  and  more  the  idea 
that  phthisis  is  communicable  from  one  person  to  another  (Bergeret, 
Wernich).  It  was  not  that  these  observations  were  of  a  kind  new 
to  medical  literature,  but  that  the  interpretation  of  the  findings  was 
different.  Immediately  after  Koch's  discovery  the  question  created 
enormous  interest.  It  was  one  of  the  principal  themes  for  discussion  by 
liiihle  and  Lichtheim  at  the  second  Congress  for  Internal  Medicine 
in  Wiesbaden  in  1888.  Both  these  authors  considered  that,  although 
contagion  was  not  doubted,  the  question  of  a  disposition  was  of  the  greatest 
importance. 

One  of  the  most  ardent  supporters  of  the  contagion  doctrine  was 
Cohnheim,  and  it  is  probably  largely  through  his  dominant  influence 
that  the  idea  of  a  disposition  came  to  be  suddenly  discredited.  ''The 
assumption,"  he  says,  ''  of  an  inherited  predisposition  to  this  disease  is 
not,  in  my  opinion,  necessary  to  explain  its  subsequent  development  in 
the  children  of  tuberculous  parents.  For  the  fact  that  several  members 
of  a  family  become  tuberculous  proves  nothing  but  the  presence  in  it  of 
conditions  calculated  to  give  rise  to  tuberculosis ;  and  what  condition 
could    be    more    favourable    to    its  production  than  the  presence  of  a 
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phthisical  patient  in  the  family  ?  When  a  child  nourished  hy  its  tuber- 
culous mother  becomes  tuberculous  it  is  less  far-fetched  to  assume 
the  communication  of  the  disease  by  the  mother's  milk  into  which  the 
virus  may  pass  than  the  inheritance  of  a  diseased  constitution.  ...  In 
short,  where  the  opportunities  for  acquiring  tuberculosis  are  so  manifold 
we  must  be  furnished  with  proofs  of  at  least  a  different  character  to 
those  already  brought  forward  before  we  can  accept  as  demonstrated  the 
existence  of  an  hereditary  predisposition  to  the  disease"  (p.  735).  As 
late  as  1899  a  similar  extreme  position  was  taken  up  by  Cornet  in  his 
exhaustive  work  in  "  Nothnagel's  specielle  Pathologic  und  Therapie." 
He  dismisses  the  question  of  hereditary  disposition  in  a  few  pages, 
finishing  up  with  the  following  conclusion,  printed  in  extra  heavy 
type  :  "  Ein  maassgebender  Einfiuss  auf  die  Entwickelung  und  Ver- 
breitung  der  Tuberculose  kommt  auch  der  hereditaren  Disposition  nicht 
zu."  Apart  from  a  hereditary  disposition  he  considers  that  cZ/sposition 
is  often  really  e.>cposition,  and  that  is  the  main  line  of  his  argument. 

It  may  be  pointed  out,  however,  that  in  the  period  immediately 
following  Koch's  discovery  great  activity  was  manifested  in  civilized 
countries  to  settle  the  question  of  the  contagiosity  of  phthisis.  Collective 
investigations,  so-called,  were  instituted — e.g.,  in  America,  Germany, 
France,  Italy,  and  England.  The  results  of  the  opinions  of  some  50,000 
doctors  who  participated  in  this  gigantic  undertaking  have  been 
described  by  Cornet  as  "  mehr  als  bescheiden."  We  may  particularly 
refer  to  the  "  Collective  Investigation  Record,  edited  for  the  Collective 
Investigation  Committee  of  the  British  Medical  Association  by  Professor 
Humphry  and  E.  A.  Mahomed,"  (1883).  In  spite  of  the  fact  that  the 
Association  was  urged  to  action  by  preliminary  exhortations  of  coryphaei 
like  Sir  William  Gull  and  Sir  James  Paget,  the  net  result  of  the 
endeavours  of  British  physicians  was  indeed  modest.  Out  of  many- 
thousands  who  were  circularized  1,078  made  returns.  A  great  many 
(673)  of  these  returns  were  simply  negatives  containing  the  word  "no," 
meaning  that  no  case  of  contagion  had  been  observed  by  the  member 
making  the  return.  These  returns,  admitting  of  no  further  analysis, 
were  set  aside.  The  remaining  405  observers  were  classified  as  follows, 
viz. :  (1)  261  with  affirmative  answers,  ('2)  39  doubtful,  and  (3)  105 
negative.     In  Class  1  there  were  several  grou]_)s,  as  follows  : — 

(A)  Return  of  cases  observed  between  liusbaud  and  Nvife  only    ...  ..  158 

(B)  Return  of   cases   observed  between  members  of   the  same   family  : 

between    parents   and   children,    brothers  and  sisters,  as  well   as 
between  husband  and  wife      ...  ...  ...  ...  ...  81 

(C)  Return  of  cases  observed  between  persons  unrelated  as  well  as  between 

persons  of  the  same  family      ...  ...  ...  ...  ...  13 

(D)  Returns  containing  cases  between  unrelated  persons  only    ...  ...  8 
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A  study  of  the  details  of  many  of  the  returns  shows  that  they 
cannot  withstand  criticism.  Thus  one  of  the  eight  cases  alleged  to 
have  occurred  between  unrelated  persons  was  the  following  :  Obser- 
vation 260. — ''A  female,  aged  24,  mother  and  father  both  alive  and 
healthy,  hut  all  the  maternal  aunts  died  of  phthisis  {!)  Before  her 
confinement  she  had  slept  constantly  with  a  person,  no  relation,  who 
had  phthisis.  She  was  before  this  free  from  all  symptoms  of  the 
disease." 

Among  the  negative  returns  we  may  direct  special  attention  to 
Observation  392,  which  the  key  informs  us  was  that  of  Sir  Clifford 
Allbutt.  It  runs  :  "  Although  my  attention  has  been  given  for  many 
years  to  this  question,  I  never  have  observed  a  case  of  even  probable 
transmission  of  phthisis  from  one  person  to  another." 

Observation  311  was  that  of  Sir  William  Church:  "Like  everyone 
else  I  have  seen  cases  of  two,  three,  or  more  of  a  family,  generally 
sisters,  suffering  one  after  the  other,  but  that  does  not  enable  me  to 
answer  the  question  in  the  affirmative." 

The  general  result  of  collective  investigation  records  in  this  country 
and  elsewhere  would  seem  to  show  that  the  value  of  the  contagion 
factor  in  phthisis  is  not  so  easily  determined  as  many  have  supposed. 

We  may  conclude  this  section  with  some  reference  to  the  views 
of  August  Hirsch  (1886),  than  whom  no  one  possessed  a  wider  range  of 
knowledge  or  could  draw  his  deductions  in  a  more  logical  manner.  He 
discussed  the  bearing  of  the  infective  theory  of  the  origin  of  phthisis 
upon  actual  facts  that  had  been  ascertained  by  historico-geographical 
and  statistical  research,  and  concluded  that  ''  the  contagious  trans- 
mission of  phthisis  plays  but  a  subordinate  part  in  the  spread  of  the 
malady,  and  it  will  be  all  the  harder  to  exclude  that  conviction  if  we 
bear  in  mind  that  many  parts  of  the  world  which  offer  in  respect  to 
sanitation  favourable  conditions  for  the  occurrence  of  the  disease  have 
little  or  none  of  it,  although  there  has  been  no  lack  of  imported  cases. 
All  this  seems  to  show  that  the  transmission  from  person  to  person 
takes  place  only  under  certain  conditions,  and  I  hold  it  to  be  at  least 
doubtful  whether  these  conditions  are  created  simply  by  individuals 
living  together  in  close  intercourse.  .  .  .  But  no  one  need  hesitate  to 
affirm  that  the  decisive  factor  in  the  genesis  of  the  disease  has  to  be 
looked  for  in  the  disposition  of  the  individual  to  fall  into  the  same." 
Our  quotation  from  Hirsch  brings  us  to  a  period  now  a  quarter  of  a 
century  remote,  and  it  will  be  our  endeavour  in  the  next  section  to 
determine  what  advances  have  been  made  in  this  period,  and  what  is 
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the  trend  of  opinion  to-day  on  the  doctrine  of  Disposition  as  a  factor 
in  phthisis. 

The  chief  branches  of  inquiry  through  which  it  has  been  sought 
to  advance  the  problems  of  infection  and  disposition  to  pulmonary 
tuberculosis  have  been  (1)  bacteriological  and  pathologico-anatomical ; 
(2)   epidemiological  and  statistical  ;   (3)   clinical. 

With  regard  to  the  first  of  these  a  large  amount  of  evidence  has 
accumulated  to  show  that  the  susceptibility  of  animals  to  a  particular 
infective  agent  varies  with  the  animal,  and  even  among  species  of 
the  same  animal.  The  gradual  deepening  of  the  whole  problem  of 
immunity  compels  one  to  assume  that  the  disposition  is  a  variable 
factor,  and  in  a  large  number  of  instances  the  study  of  acquired 
immunity  has  served  to  bridge  the  chasm  between  disposition  and 
infection.  In  the  case  of  tuberculosis  in  particular,  however,  unexpected 
difficulties  have  been  encountered,  in  so  far  that  it  is  not  at  all  clear  in 
what  manner  immunity  is  produced  against  the  tubercle  bacillus. 

The  pathological  anatomists  have  made  numerous  contributions  of 
first-rate  importance.  Among  them  is  the  establishment  of  the  fact 
that  tuberculous  lesions  are  found  in  an  enormous  number  of  the 
autopsies  made  on  adults.  The  very  careful  series  of  cases  studied  by 
Naegeli,  and  in  particular  by  Burkhardt,  show  that  over  90  per  cent,  of 
adults  have  tuberculous  lesions.  If  the  tubercle  bacillus  were  ubi- 
quitous, and  we  could  assume  that  the  opportunity  of  infection  were 
equal  for  everyone,  the  occurrence  of  such  an  enormous  amount  of 
tubercle,  compared  with  the  fact  that  only,  say,  one-seventh  of  the  human 
race  die  of  tubercle,  would  show  that  the  remaining  six-sevenths 
possessed  a  degree  of  immunity  which  enabled  them  to  overcome  an 
infection  which  had  already  taken  place.  The  problem  is,  however,  by 
no  means  so  simple,  inasmuch  as  it  remains  doubtful  to  what  extent 
the  figures  of  Naegeli  and  Burkhardt  are  apphcable  to  the  population 
in  general.  In  both  these  series  the  material  was  obtained  in  hospitals 
(Zurich  and  Dresden),  and  thus  was  selected.  Further,  as  Fliigge  has 
correctly  pointed  out,  the  death-rate  refers  to  all  cases  of  death,  children 
included,  and  does  not  refer  to  certain  ages  only.  Calculating  out 
Burkhardt's  figures  as  percentage  of  healed  and  progressive  tuberculosis 
to  total  deaths,  Fliigge  makes  out  that  the  number  of  those  "  disposed  " 
between  the  ages  of  18 — 60  must  approximate  to  60 — 70  per  cent.,  the 
number  of  non-disposed  sinking  to  30 — 40  per  cent.,  a  very  different 
figure  from  that  obtained  by  a  superficial  examination  of  Burkhardt's 
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figures.  Fliigge  points  out  further  that,  far  from  the  tubercle  bacillus 
being  ubiquitous,  it  is  in  reality  local,  and  thus  the  opportunity  for 
infection  must  vary  within  wide  limits.  That  a  considerable  number  of 
human  beings  are  tuberculous,  however,  is  also  shown  by  the  inoculation 
of  tuberculin  carried  out  by  Franz  on  the  soldiers  of  two  Austrian 
regiments.     Over  60  per  cent,  gave  a  positive  reaction. 

The  study  of  pathological  anatomy  in  the  last  twenty  years  has  gone 
to  show  more  and  more  that  the  doctrine  of  a  phthisical  constitution  is 
on  a  sound  basis.  It  is  impossible  to  analyse  the  publications  dealing 
with  this  subject.  Indeed,  this  is  all  the  more  unnecessary  as  it  has 
been  very  completely  done  by  Hart  and  Schliiter.  This  view  is  also 
supported  by  the  work  of  Beneke,  Birch-Hirschfeld,  Schmorl,  Bartel, 
and  many  others.  The  main  problems  studied  have  been  in  connexion 
with  attempts  to  determine  why  the  lungs,  and  especially  the  apices  of 
these  organs,  are  much  more  frequently  affected  than  other  parts  of  the 
body.  Thus  some  have  tried  to  uphold  the  doctrine  of  a  general 
pulmonary  disposition,  others  that  there  is  an  individual  susceptibility 
of  the  apices  on  the  basis  of  a  general  constitution.  There  certainly 
seems  good  ground  for  assuming  that  anomalies,  congenital  or  acquired, 
of  the  upper  thoracic  aperture  are  responsible  for  frequent  infections 
in  this  site. 

Coming  to  work  dealing  more  precisely  with  epidemiological  and 
statistical  inquiry,  a  large  number  of  publications  have  made  and  are 
making  their  appearance.  To  notice  these  in  detail  would  require  more 
space  than  remains  at  our  disposal ;  we  shall,  therefore,  confine  ourselves 
to  a  brief  general  review  indicating  what,  in  our  judgment,  are  the 
salient  features  of  different  types  of  work.  We  can  at  once  put  on  one 
side  the  very  numerous  lectures,  addresses,  and  pamphlets  which  merely 
repeat  evidence  already  discussed  in  earlier  sections  of  this  paper,  or 
affirm  conclusions  (of  most  diverse  natures)  on  the  strength  of  general 
medical  opinion,  **  univei-sal  experience,"  or  the  writer's  (unpublished) 
observations.  Such  a  process  considerably  reduces  the  amount  of 
material  to  be  examined.  The  residuum  can  be  divided  roughly  into 
two  classes :  (1)  Papers  adducing  evidence  to  piove  that  the  environ- 
mental factor  is  the  all-important  one  ;  (2)  papers  leading  to  a  precisely 
contrary  conclusion. 

Work  falling  in  Class  1  can  again  be  divided  in  accordance  with  the 
method  adopted  into  direct  and  indirect  investigations.  By  direct 
investigations  we  understand  papers  in  which  facts  are  collected  which 
are  thouglit  to  demonstrate  at  once  the  all -sufficiency  of  the  environ- 
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mental  factor.  Most  of  these  papers  contain  details  of  more  oi-  less 
extensive  series  of  cases  in  which,  according  to  the  authoi-,  the  hereditary 
factor  seemed  to  be  of  little  moment,  or  the  existence  of  the  disease  in 
several  members  of  a  family  could  be  referred  to  some  common  source 
of  infection.  A  relatively  favourable  instance  of  this  class  of  papei-  is 
afforded  by  a  contribution  published  by  v.  Sokolowski  in  1901.  This 
author  collected  data  respecting  no  less  than  32,694  patients  seen  by 
him  in  private  practice,  including  8,074  tuberculous  subjects.  While 
recognizing  the  existence  of  an  hereditary  influence  in  certain  cases,  he 
was  of  opinion  that  its  frequency  was  not  so  great  as  "  die  Aerzte  es 
gewohnlich  annehmen."  v.  Sokolow^ski  emphasized  the  magnitude  of 
his  series  and  called  attention  to  the  danger  of  basing  conclusions  upon 
but  few  instances. 

In  our  opinion,  however,  v.  Sokolowski's  data  are  so  presented  that 
no  conclusion  whatever  can  be  drawn  from  them  with  regard  to  the 
question  of  heredity.  The  sibships  of  the  different  individuals  are  not 
stated,  nor  the  age  distribution  of  the  non-phthisical  patients,  so  that  it 
is  impossible  to  say  how  many  of  them  can  reasonably  be  regarded  as 
still  "exposed  to  risk."  The  author's  conclusion  is,  indeed,  based  upon 
a  fallacy  very  common  in  medico-statistical  waitings.  He  seems  to 
think  that  a  knowledge  of  the  frequency  of  tuberculosis  among  the 
ascendants  of  phthisical  persons  is  a  sufficient  basis  for  deductions.  It 
should  be  clear  that  to  base  a  conclusion  upon  the  single  fact  that  in 
his  series  not  more  than  25  per  cent,  of  the  parents  of  tuberculous 
patients  themselves  suffered  from  the  disease  would  be  illogical,  even  if 
all  the  family  histories  were  completed.  The  percentage  of  tuberculous 
ascendants  in  the  stocks  of  non-phthisical  patients  w^as  an  essential 
preliminary,  and  this  does  not  appear  to  have  been  ascertained  ;  in  fact, 
there  is  no  evidence  of  a  control  experiment  having  been  done.  It  is  of 
interest  to  notice  that  the  intermarital  correlation,  the  only  constant  for 
the  deduction  of  which  v.  Sokolowski  provides  sufficient  data,  is  about 
0*2  (Pearson  and  Pope,  p.  8),  a  value  indicating  but  little  relationship. 

We  have  dwelt  upon  v.  Sokolowski's  paper  because  it  is  a  relatively 
favourable  specimen  of  its  class,  the  deductions  not  being  of  a  very 
sweeping  character.  One  cannot,  however,  fail  to  remark  traces  of  a 
defective  logical  method  w^hich  seems  to  us  to  vitiate  so  many  similar 
results.  In  this  connexion  we  may  refer  to  the  severe  and,  in  our 
opinion,  unanswerable  strictures  passed  by  Hamer  upon  the  statistical 
evidence  adduced  by  Cornet  with  regard  to  the  Catholic  Nursing  Orders 
in  Germanv  (Bulstrode). 
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It  is  not  necessary  to  criticize  a  type  of  paper  represented  by  the 
work  of  a  German  writer  in  which  three  cases  of  phthisis  are  described 
in  two  brothers  and  a  sister.  The  author  suggests  that  all  may  have 
been  originally  infected  by  the  father,  the  disease  being  lighted  up  by 
sexual  or  other  excesses,  since  the  daughter  had  recently  married, 
while  of  the  two  brothers,  one,  in  particular,  had  exceeded  "  in  Baccho 
et  Venere." 

Many  writers  have  attempted  to  throw  light  upon  the  question  by  a 
study  of  the  incidence  of  phthisis  upon  husbands  and  wives.  As  this 
subject  was  exhaustively  discussed  by  Pearson  and  Pope  in  1908,  and 
was  also  the  subject  of  a  paper  read  by  one  of  us  at  a  meeting  of  this 
Section  in  1909,  we  need  not  refer  to  the  matter  in  detail.  The  conclu- 
sions expressed  by  the  authors  named,  that  interconjugal  infection  is  a 
factor  of  but  secondary  importance,  has  not,  we  think,  been  seriously 
disputed  ;  criticism  having  been  mainly  directed  to  the  alleged  imper- 
fections of  the  data  analysed. 

On  the  whole,  we  venture  to  express  the  belief  that  no  papers  falling 
under  the  present  category  have  materially  added  to  the  knowledge  of 
thirty  years  ago,  which  has  been  detailed  in  earlier  pages  of  this  memoir. 
We  accordingly  turn  to  writers  who  have  adopted  a  different  and  less 
direct  process  of  inquiry. 

During  the  last  five-and-twenty  years  the  tuberculosis-rate  has 
markedly  fallen  in  almost  every,  if  not  every,  land.  Within  the  same 
period  a  belief  in  the  communicability  of  phthisis  has  been  more  and 
more  disseminated.  Much  effort  has  been  devoted  to  the  diminution  of 
possible  sources  of  infection,  attention  has  been  directed  to  the  necessity 
of  disinfecting  houses  or  rooms  occupied  by  tuberculous  patients,  a  war 
has  been  waged  against  the  disgusting  habit  of  indiscriminate  expectora- 
tion, increasing  numbers  of  phthisical  patients  have  been  segregrated 
in  public  institutions,  and,  generally,  medical  men  and  public  health 
officials,  both  lay  and  professional,  have  laboured  unceasingly  to  conquer 
the  disease.  It  would  naturally  be  expected  that  the  fall  in  the  phthisis- 
rate  would  be  associated  psychologically  at  least  in  many  minds  with 
the  multifarious  activities  displayed.  Such  has  been  the  case,  and  a 
considerable  literature,  l)()th  lay  and  [)rofessional,  has  sprung  into  exist- 
ence. The  fall  in  the  tuberculosis-rate  has,  however,  been  differently 
interpreted  by  various  authors.  Some  have  laid  stress  upon  the  improved 
housing  of  the  working  classes,  others  have  attached  most  importance 
to  methods  of  disinfection,  others  to  the  influence  of  sanatoria  and 
segregation.     Newsholme,  as  the  result  of  an  elaborate  inquiry,  seemed 
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to  conclude  that  institutional  segregation  had  been  most  powerful  of  the 
different  factors,  without,  of  course,  neglecting  other  possible  agents. 
Bulstrode  and  others  have  called  attention  to  the  difficulties  of  the 
problem,  and  among  recent  studies  we  would  specially  mention  the 
dispassionate  inquiry  conducted  by  Professor  Matthew  Hay,  of  Aberdeen. 
Hay  points  out  that  the  phthisis-rate  was  falling  before  any  very  serious 
measures  had  been  collectively  adopted  to  combat  the  disease.  He 
remarks  : — 

The  decline  began  long  before  the  germ  origin  of  tuberculosis  liad  l)een 
demonstrated  by  Koch,  althougli  the  infectious  character  of  tlie  disease  liad 
never  been  witliout  believers ;  but,  what  is  more  remarkable,  tiie  rate  of 
decline  was  almost  as  great  before  any  administrative  attention  was  being 
paid  to  its  infective  character  as  it  has  been  after  such  attention  began. 
(Hay,  p.  68.) 

These  facts  give  one  pause  and  inevitably  call  to  mind  the  fascinating 
subject  of  the  rise,  decline  and  fall  of  disease  prevalence  in  instances  not 
attributable  to  human  agency.  The  epidemiological  history  of  plague  in 
England  is  a  case  in  point. 

We  may  further  remark  that  the  existence  of  a  high  correlation 
between  the  extent  of,  for  example,  institutional  segregation  and  a  fall 
in  the  phthisis-rate  does  not  appear  to  us  a  fact  of  necessarily  great 
significance.  The  difticulty  that  perpetually  confronts  the  analyst 
of  such  data  is  caused  by  the  existence  of  multiple  correlation.  The 
association  between  A  and  B  may  be  indirect  and  dependent  upon 
a  common  association  with  a  third  variable  C.  The  theory  of  multiple 
correlation  and  its  practical  applicability  have  been  so  much  extended  by 
the  labours  of  modern  statisticians  that  at  no  distant  time  we  may 
reasonably  look  for  more  light.  It  must,  however,  be  remembered,  that 
when  more  than  a  few  variables  are  involved — and  in  the  problem 
in  question  the  number  may  not  be  small — arithmetical  work  becomes 
very  laborious.  In  any  case,  whatever  the  future  may  have  in  store,  no 
statistical  proof  of  the  all-sufficiency  of  any  one  of  the  possible  factors  or 
even  of  the  predominating  importance  of  any  one,  has  yet,  we  think, 
been  adduced.  Some  w^orkers  have  realized  the  statistical  difficulties  of 
the  problem.     Speaking  of  infection  in  phthisis,  Newsholme  writes  : — 

The  evidence  convincing  one  as  to  this  does  not  lend  itself  to  statistical 
statement,  and  when  stated  in  print  it  may  not  be  convincing  :  but  the  steady 
succession  of  cases  in  infected  households  at  intervals  of  one  or  two  years, 
or  longer,  the  intercurrent  destruction  of  children  by  tubercular  meningitis  or 
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"broncho-pneumonia  "  while  their  parents  are  suffering  from  chronic  phthisis, 
and  other  similar  evidence,  can  leave  no  doubt  in  the  minds  of  those  who  come 
into  continuous  contact  w4th  the  actual  facts.     (Newsholme,  p.  70.) 

With  the  addition  of  the  words,  ''  and  are  a  priori  convinced  of  the 
non-existence  of  a  constitutional  liability,"  this  extract  would  not  inaptly 
express  the  judgment  we  ourselves  have  been  led  to  form.  In  sum, 
while  the  indirect  method,  the  study  of  vital  and  sanatory  statistics,  has 
undoubtedly  revealed  the  existence  of  phenomena  well  deserving  further 
inquiry,  it  has  not,  we  believe,  substantially  widened  our  knowledge  of 
the  particular  problem  which  engages  our  attention. 

Finally,  we  must  examine  recent  contributions  to  the  study  of  consti- 
tutional and  hereditary  factors.  Here,  again,  a  classification  into  direct 
and  indirect  methods  can  be  made,  but  the  number  of  papers  falling 
within  the  latter  sub-class  is  not  great.  Many,  indeed  most,  of  the 
writers  who  have  emphasized  the  hereditary  factor  in  phthisis  seem  to 
us  to  exhibit  the  same  logical  insufficiency  which  appeared  to  characterize 
writings  of  an  opposed  school,  but  a  few  papers  are  deserving  of  a  fuller 
notice. 

An  attempt  has  been  made,  notably  by  Turban  and  Strandgaard, 
to  obtain  direct  evidence  of  the  hereditary  transmission  of  a  phthisical 
habitus.  Turban  published  a  series  of  cases  in  which  members  of  the 
same  family  affected  by  phthisis  exhibited  a  considerable  amount  of 
agreement  in  respect  of  the  age  at  which  the  disease  first  appeared, 
the  site  of  the  lesion  and  the  general  course  of  the  disease.  From  such 
data  he  argued  that  the  members  of  a  common  stock  resemble  one 
another  in  the  possession  of  a  locus  minor  is  resistentiae,  such  peculiarity 
being  the  basis  of  an  hereditary  character  in  the  disease.  Since  Turban 
did  not  publish,  together  with  his  family  records,  any  data  from  which 
the  relative  frequency  of  primary  disease  in  different  lungs  or  regions  of 
one  lung  could  be  deduced,  it  was  difficult  to  assent  to  his  conclusion. 
Quite  recently  Strandgaard  has  published  another  series  of  family 
observations,  and  at  the  same  time  provided  somewhat  extensive  material 
from  which  the  relative  frequency  of  right  pulmonary  phthisis,  left 
pulmonary  disease,  and  their  combinations  in  each  stage  (adopting 
Turban's  classification  into  three  stadia)  could  be  calculated.  Strand- 
gaard himself  ai'rived  at  substantially  the  same  conclusion  as  Turban 
with  regard  to  the  main  issue  of  an  inherited  locus  minoris  resistentiae. 
If  we  classify  pulmonary  lesions  into  (1)  mainly  right  lung  affections, 
(2)  mainly  left  lung  affections,  (3)  cases  in  which  both  lungs  are  equally 
involved,  then  in  a  pair  of  phthisical  patients  taken  at  random  six  combi- 
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nations  are  possible — viz.,  KR,  LL,  LK,  LB,  KB,  BB,  where  K  signifies 
class  (1),  L  class  (2)  and  B  class  (3).  From  a  knowledge  of  the  j-elative 
frequencies  of  the  three  classes  in  the  genei-al  ''  population  "  of  phthisical 
patients,  it  is  evidently  possible  to  calculate  the  probable  frequency 
of  each  of  the  six  combinations  in  a  sample  of  pjiirs  which  mi^^ht  be 
expected  to  occur  as  a  matter  of  chance.  Evidently  the  same  method 
can  be  extended  to  groups  of  three,  four,  &c.  We  found  as  a  matter 
of  fact,  on  applying  this  arithmetical  test  to  pairs  of  brethren  at  the 
same  stage  of  the  disease,  that  the  frequency  of  the  combination  EL 
was  decidedly  less  than  the  calculated  value,  so  far  bearing  out  Strand- 
gaard's  interpretation  of  his  material.  The  actual  frequencies  were, 
however,  based  on  too  small  numbers  for  the  conclusion  to  have  much 
importance  attached  to  it. 

Time  has  not  permitted  of  fully  analysing  the  material,  but  our 
general  impression  is  that  a  complete  study  is  fraught  with  grave 
difficulties,  and  that  this  class  of  inquiry,  although  of  interest,  is  not 
particularly  hopeful.  A  judgment  as  to  the  exact  localization  and 
extent  o^  the  pulmonary  lesion  is  based,  in  the  large  majority  of 
instances,  upon  the  results  of  physical  examination.  Not  being  clinical 
workers,  we  express  an  opinion  on  the  value  of  the  methods  of  diagnosis 
in  current  use  with  great  diffidence  ;  we  think,  however,  that  we  are 
but  echoing  the  opinions  of  highly  skilled  practitioners  when  we  suggest 
that,  however  expert  the  observer,  such  results  are  subject  to  much 
error.  That  final  court  of  appeal,  the  post-mortem  table,  has  not  always 
confirmed  the  decision  of  the  clinical  judge  as  to  the  extent  or  even  the 
site  of  the  pulmonary  lesion.  Apart  from  this,  an  examination  of 
Strandgaard's  paper  will  show  that  it  is,  in  a  fair  percentage  of  the 
cases,  difficult  to  decide  which  lung  is  chiefly  involved,  so  that  two 
independent  classifications  of  the  same  material  might  lead  to  appre- 
ciably different  results. 

The  English  Biometric  school  have  devoted  much  attention  to  the 
hereditary  factor  in  phthisis.  In  1908,  Pearson  analysed  material  from 
the  Crossley  Sanatorium ;  he  concluded  that  the  intensity  of  the  relation- 
ship between  the  present  or  past  existence  of  tuberculosis  in  the  parent, 
and  the  same  disease  in  the  offspring,  was  of  such  an  order  that  here- 
ditary transmission  of  a  tendency  to  develop  the  complaint  must  be 
assumed  to  exist.  The  values  of  the  coefficients  of  correlation  led 
Pearson  to  conclude  that  the  inheritance  of  a  phthisical  predisposition, 
or,  as  he  termed  it,  diathesis,  was  of  the  same  order  of  intensity  as 
had   been  found   to   characterize  the   transmission   of   normal  physical 
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characters  in  man.  Pearson  further  expressed  the  opinion  that  this 
factor  was  of  more  importance  in  the  genesis  of  the  disease  than  ordi- 
narily infective  conditions  (Pearson,  p.  25).  Similar  conclusions  were 
reached  by  Goring,  who  analysed  statistics  relating  to  1,500  criminals. 

These  results  have  been  subjected  to  considerable  criticism,  it  having 
been  urged  in  the  first  place  that  the  correlation  between  parent  and 
child  might  be  a  measure  rather  of  infection  than  of  true  inheritance  ; 
in  the  second  place,  it  was  pointed  out  that  data  of  this  kind  cannot 
conform  to  a  high  standard  of  accuracy.  In  a  subsequent  paper, 
Pearson  argued  that,  were  infection  the  chief  factor,  the  correlation 
between  husband  and  wife  should  be  of  the  same  order  as  between 
parent  and  child,  but  that  it  was  in  fact  much  smaller. 

It  appears  to  us  that  the  second  objection,  viz.,  the  alleged  untrust- 
worthiness  of  the  statistics,  has  been  to  some  extent  met  by  the 
uniformly  higher  values  of  the  ancestral  correlations  as  compared  with 
the  inter-marital  constants  obtained  from  material  of  essentially  the 
same  class.  It  is  difficult  to  understand  how  errors  of  record,  apart 
from  widespread  and  intelligent  falsification,  could  lead  to  such  a  result. 
This  impression  is  confirmed  by  the  concordance  of  Goring's  conclusions 
with  those  of  Pearson,  since  the  former's  material  was  not  subject 
to  precisely  the  same  kind  of  error  as  that  analysed  by  Pearson,  Pope, 
and  Greenwood. 

We  should  not,  however,  be  prepared  to  regard  a  study  of  marital 
tuberculosis  as  fulfilling  all  the  conditions  of  a  true  control,  from  the 
point  of  view  of  infective  possibilities,  since  resistance  to  infection  viay 
increase  in  adult  life,^  although  we  are  not  acquainted  with  any 
convincing  evidence  in  man  that  this  is  so.  It  will  perhaps  be  thought 
that,  while  biometric  studies  have  somewhat  strengthened  the  evidence 
in  favour  of  a  belief  in  the  importance  of  an  hereditary  factor,  they 
have  not  materially  altered  the  position  of  thirty-five  years  ago.  These 
remarks  must  not  be  interpreted  as  implying  any  disparagement  of  the 
care  and  precision  which  distinguish  the  papers  under  notice. 

Lastly,  a  word  may  be  said  as  to  indirect  methods  of  approaching 
the  subject.  Jf  it  could  be  shown  from  a  statistically  adequate  sample 
of  persons  suffering  from  tuberculosis  that  they  differ  significantly  in 
such  anthropological  characters  as  skin  and  eye  pigmentation,  cranio- 
logical  constants,  cVc,  from  the  population  out  of  which  they  come,  it 
would  be  fair  to  argue  that  the  factor  of  inherited  predisposition  is  of 

'  See  Greenwood,  pp.  7-10. 
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impoL'tancc,  since  few  will  now  deny  the  heritability  of  many  such 
characters.  Of  work  dealing  with  tliis  aspect,  the  papers  of  Shrubsali 
may  be  mentioned.  This  author  has  found  some  association  between 
brunette  traits  and  pulmonary  tul)erculosis.  Tt  can,  of  course,  b(!  urged 
that  work  of  this  kind  is  difficult  to  interpret,  since  even  were  some  such 
association  definitely  established,  it  might  be  indirect.  It  might  l)e,  for 
instance,  that  a  certain  type  of  physique  is  ill  fitted  to  survive  in  the 
struggle  for  life,  and  that  its  possessor  tends  to  be  driven  to  those  con- 
ditions of  environment  under  which  the  chances  of  infection  are  maximal. 
Obviously,  however,  such  a  criticism  is  double  edged.  These  anthropo- 
metric inquiries  undoubtedly  deserve  further  extension. 

The  reader  will  have  gathered  from  what  has. gone  before  that, 
in  our  opinion,  the  many  workers  who  have  dealt  with  the  problem  of 
inheritance  and  infection  during  the  last  few  years  have  failed  to  achieve 
any  really  solid  advance  from  the  classical  position.  Such  a  conclusion 
will,  of  course,  have  been  anticipated  by  anyone  who  has  contemplated 
the  development  of  a  science,  noting  the  rapid  progress  up  to  a  certain 
point,  followed  by  advances  each  so  small  as  to  be  inappreciable.  Never- 
theless, an  attentive  consideration  of  the  facts  relative  to  our  knowledge 
of  tuberculous  disease,  some  of  which  we  have  endeavoured  to  review, 
would  be  of  much  benefit  to  those  persons  who  say  or  imply  that  what 
has  been  done  in  our  own  time  far  exceeds  in  importance  the  combined 
efforts  of  all  previous  generations.  Any  such  assertion  is  repugnant  to 
sound  scholarship,  calculated  gravely  to  mislead  the  general  public,  and 
an  injury  to  the  cause  of  medical  science. 

More  than  twenty-eight  years  ago  Leichtenstern  made  the  following 
remark  in  the  first  blush  of  enthusiasm  following  the  isolation  of  the 
tubercle  bacillus,  and  it  remains  substantially  true  to-day:  ''For  all 
Koch's  brilliant  discovery  there  are  still  many  lacuna?  and  open  questions 
facing  us  in  the  oetiology  of  consumption,  and  these  olier  to  the  prac- 
titioner, to  the  statistician,  to  the  pathologist  who  studies  the  history 
and  geography,  to  the  pathologist  who  experiments,  and  to  the  bacteri- 
ologist, a  wide  field  wherein  to  co-operate." 
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I.    Introduction. 

Kronig  and  Paul  (1897)  were  the  first  to  study  the  process  of 
disinfection  by  making  quantitative  observations  at  intervals  during  its 
progress.  Their  figures  showed  that  disinfection  proceeded  in  an  orderly 
manner  and  that  the  rate  diminished  as  the  number  of  survivors  became 
less.  Ikeda  (1897)  attempted  to  express  their  results  by  an  empirical 
formula. 

In  1907 — 1908,  Madsen  and  Nyman,and  H.  Chick  working  simulta- 
neously but  independently  at  this  subject,  found  that  during  the  process 
of  the  disinfection  of  anthrax  spores  by  chemical  agents  (mercuric  chloride 
and  phenol  respectively)  the  concentration  of  spores  remaining  alive 
varied  logarithmically  with  the  time,  and  that  therefore  the  number  of 
anthrax  spores  destroyed  per  unit  time  was  proportional  to  the  number 
present  in  a  unit  volume  of  the  medium  at  that  moment.  An  analysis  of 
the  figures  published  by  Kronig  and  Paul  showed  the  same  relationship. 
Tables  \a  (H.  C.  1908,  p.  99)  and  16  (K.  and  P.  1897,  p.  26)  are  examples 
of  the  progress  of  disinfection  of  anthrax  spores  with  phenol  and 
mercuric  chloride  respectively  ;  the  corresponding  curves  in  Figs,  la  and 
1  b,  where  logarithms  of  concentration  of  survivors  are  plotted  against 
time,  show  the  logarithmic  relation  graphically. 
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Fig.  1.      {(t)    Disinfection  of  antln-ax  spores  with  5  "/„  plienol  at  33-3°  C.  (H.  C.   1908, 
Table  II,  p.  99). 

{}))     Disinfection   of  anthrax   spores  with   Oil  ^1^   mercuric  chloride   at   18°  C. 
(Kronig  and  Paul,  1897,  Table  IX,  p.  2G). 
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TABLE  I  a. 

Disinfection  of  Anthrax  Spores  with  5  ^j^  plietiol  at  3 .3 -,3^  C. 
(See  H.  C.   (11J08),  Table  II,  p.  99.) 


Time, 

minutes 

=  t 

Mean  number  of 
bacteria  surviving 
in  one  drop  of  dis- 
infection mixture,  —N 

Logio  N 

*K= 

1      log  N, 

0=t, 

439  =  No 

2-642 

— 

30 

275-5 

2-439 

•0068 

76 

137-5 

2-138 

•0067 

120 

46 

1-663 

•0082 

180 

15-8 

1-199 

•0080 

246 

5-45 

-736 

-0077 

300 

3-6 

•556 

-0069 

420 

0-5 

-•301 

•0070 

*  In  this  and  all  subsequent  tables,  values  of  K  from  the 

1      ,      N, 
expression  log  ~  are 

calculated  with  Briggs'  logarithms  in  place  of  natural  logarithms. 

TABLE    I  6. 

Disinfection  of  Anthrax  Spo7'es  with  0-11  "/o  'i^eixuric  chloride  at  18°  C 
(See  Kronig  and  Paul  (1897),  Table  IX,  p.  26.) 


Time, 

Mean 

I  number  of 

K  = 

minutes 
=  t 

bacter 

ia  surviving 

=  N 

Logio  N 

1        ,        ^^0 

10  =  «o 

2027  = 

-.N, 

3-307 

— 

15 

672 

2^827 

-096 

20 

564 

2-751 

-056 

25 

382 

2^582 

•048 

30 

251 

2-400 

•045 

35 

179 

2-253 

•042 

40 

138 

2-140 

•039 

45 

101 

2  004 

•037 

50 

80 

1-903 

•035 

60 

39 

1^591 

•034 

70 

6 

•778 

-042 

80 

3 

•477 

•040 

The  conclusion  arrived  at  by  Madsen  and  Nyman  and  also  by  myself 
was  that  if  the  disinfectant  be  present  in  large  excess  relative  to  the 
bacteria,  disinfection  proceeds  in  the  same  manner  as  a  reaction  of  the 
first  order,  that  is  to  say,  as  a  unimolecular  reaction,  or,  what  amounts 
to  the  same  thing,  as  a  bimolecular  reaction  with  one  reagent  in  excess. 
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The  reason  for  it  so  doing  must,  apparently,  be  sought  for  in  the 
same  direction  as  in  the  case  of  the  hydrolysis  of  sugar  by  water  or  the 
decomposition  of"  hydrogen  arsenide  by  heat,  which  arc  both  reactions  of 
the  first  order.  The  explanation  offered  by  the  physical  chemist  is  that 
there  is  no  permanent  dissimilarity  between  the  molecules,  but  that  at 
any  one  time  only  a  proportion  of  them  is  in  the  condition  to  undergo 
the  dissociation  or  chemical  union.  This  temporary  increased  suscepti- 
bility is  believed  to  be  occasioned  by  differences  in  the  internal  energy 
of  the  molecules.  This  interpretation  has  the  advantage  of  affording 
a  possible  explanation  of  the  influence  of  temperature  upon  the  rate  of 
reaction. 

It  would  appear  that  with  anthrax  spores  we  are  dealing  with  a 
population  possessing  but  slight  permanent  differences  in  regard  to 
their  behaviour  towards  disinfectants,  and  that  the  fact  that  the  whole 
number  is  not  killed  off  in  the  same  time  is  not,  as  has  been  supposed, 
due  to  permanent  variations  in  resistance  of  individuals  but,  as  in  the 
chemical  analogies  given  above,  occasioned  by  temporary  energy 
changes  in  the  molecules  of  which  the  bacterial  proteins  are  composed. 

In  the  case  of  i^.  paratyphosus,  the  vegetative  form  worked  wdth  (H.  C. 
loc.  oit),  broth  cultures,  obtained  by  successive  sub-culturing  at  frequent 
intervals,  behaved  as  anthrax  spores  on  disinfection  with  phenol  and  the 
nature  of  the  disinfection  process  was  similarly  explained.  The  observa- 
tions made  upon  24  hours'  cultures  oi  B.  paratyphosus ,  however,  indicated 
the  existence  in  this  case  of  some  disturbing  factor  which  caused  the  pro- 
cess of  disinfection  to  depart  from  the  simple  law  found  to  apply  in  the 
case  of  spores  and  "young"  cultures. 

These  interpretations,  put  forward  in  the  previous  paper  already 
referred  to,  have  been  criticised  by  Eijkman  (1909),  and  by  Hewlett 
(1909)  in  his  Milroy  Lectures.  Although  these  criticisms  can,  I  think, 
be  met  by  appeal  to  the  facts  already  published,  they  have  stimulated 
me  to  perform  some  further  experiments.  These  experiments  will  be 
presented  first  and  the  points  raised  by  my  critics  will  be  dealt  with 
subsequently. 

II.    Disinfection  with  phenol. 

(1)     Method  einployed. 

The  method  employed  for  studying  the  reaction  velocity  of 
disinfection  in  this  instance  was  the  same  as  that  used  in  the  previous 
paper  (H.  C.  190(S).     A  measured  quantity  (five  drops  from  a  standard 
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capillary  pipette  =  08  c.c.)  from  a  24  hours'  broth  culture  of  the  organism 
selected  was  added  to  a  tube  containing  5  c.c.  phenol  solution  immersed 
in  a  water  bath  maintained  at  20°  C.  This  disinfection  tube  was  fitted 
with  a  capillary  pipette  by  means  of  which  samples  could  be  withdrawn 
and  a  definite  number  of  drops  taken  for  agar  or  gelatine  plate  cultures 
at  successive  intervals  of  time.  Three  plates  were  poured  at  each  time 
of  sampling,  necessitating  the  help  of  two  assistants.  The  sample  drops 
were  dropped  into  O'o  c.c.  of  sterile  distilled  water,  previously  placed 
upon  the  plates ;  this  lessened  the  error  arising  from  the  impossibility 
of  pouring  all  three  plates  simultaneously.  The  plates  were  counted 
after  48  hours'  incubation  at  37°  C.  in  the  case  of  agar,  or  after  four  or 
five  days'  at  20°  C.  in  the  case  of  gelatine  plates,  and  the  progress  of  the 
disinfection  reaction  was  studied  by  thus  enumerating  the  surviving 
bacteria  at  successive  periods  of  the  process. 

(a)     Experiments  with  B.  typhosus. 

Tables   II   and    III    give   the   results    of    two    experiments    with 
B.  typhosus  and  06  %  phenol  at  20^  C.     Gelatine^  plates  were  used  in 


TABLE   II. 

Disinfection  of  B.  typhosus  ivith  0-6  Yo  phenol  at  20°  C. 
Exp.  8.   1.   10. 


Time, 

minutes 

=  t 

05  =  t 

1-5 

2-6 

4-6 

6-6 
10-5 
15 
20 
30 


Amount 

of  sample 

taken, 

drops 

1 
1 
2 
2 
3 
3 
5 
10 


Numbers 
on  plates 
(gelatine) 

286  218  240 
188  215  167 
160  157  184 

215  242 

139  172  156 

100    93     91 

33     26    43 

14     14      8 

4     3 


Mean  no.  of 

bacteriapresent 

in  1  drop 

disinfection 

Mean  mixture,  =N 

231-3  231-3  =  .Vo 

190  190 

167  167 

228-5  114-2 

155-7  77-8 

94-7  31-6 

34  11-3 

12  2-4 

3-5  -35 


Logio^" 
2-364 
2-279 
2-223 
2-058 
1-891 
1-500 
1-053 
-380 

-•456 


K= 


f..  -  t, 


log|-« 


Mean  -086 


085 
067 
075 
077 
086 
090 
102 
096 


^  Gelatine  plates  were  substituted  for  agar  in  all  the  later  experiments  in  spite  of  the 
obvious  disadvantages.  There  is  some  risk  of  error  in  the  use  of  agar  owing  to  the 
necessarily  high  temperature  at  which  the  plates  are  poured,  and  comparative  experiments 
showed  that  higher  numbers  were  invariably  obtained  by  using  gelatine,  although  the 
proportion  remained  fairly  constant. 

16—3 
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TABLE   III. 

Dism/ection  of  B.  typhosus  with  0'6  ^o  phenol  at  20°  C. 
14.  1.  '10. 


Amount 

Mean  no.  of 

Time, 

of 
sample 

Numbers 

bacteria  present 
in  1  drop 

K= 

minutes 

taken, 

on  plates 

disinfection 

-—log 

=  t 

drops 

(gelatine) 

Mean 

mixture,  =N 

Logio  N      t^ 

0-o  =  to 

1 

779  717  645 

714 

1U  =  N, 

2-854 

— 

1-5 

1 

584  571 

577-5 

577-5 

2-762 

•092 

2-5 

1 

406  526  451 

461 

461 

2-664 

•095 

4-5 

1 

313  215  288 

272 

272 

2-435 

•105 

6-5 

1 

136  149  145 

143-3 

143-3 

2-156 

•116 

10 

2 

47  162  155 

121-3 

60-6 

1-782 

•113 

20 

f   5 

ho 

35 
23    54 

=  1 

4-48 

•651 

Mean 

-113 

•106 

^0 

N„ 


both  experiments.  Disinfection,  as  in  the  case  of  anthrax  spores, 
proceeded  so  that  the  number  of  survivors  in  unit  volume  varied  logarith- 
mically with  the  time ;  the  logarithms  of  these  numbers,  when  plotted 
against  time,  also  gave  straight  lines  (Fig.  2).     The  velocity  constant, 

K  i  =  7 log  —- ) ,   calculated    from    the    experimental    numbers,  is 

given  in  the  last  column  of  either  table,  and  shows  fair  constancy  in 
value. 


Time,  minutes 

Fig.  2.     Disinfection  of  B.  typhosus  with  0-6  %  phenol  at  20°  C. 
(a)     Exp.  8.  1.  '10,  Table  II.  {b)     Exp.  14.  1.   '10,  Table  III. 
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(b)     Experiments  with  B.  coli  commune. 

Tables  IV  and  V  give  the  results  of  two  experiments  with  B.  coli 
commune  and  0*5  7o  phenol  at  20°  C,  in  the  one  case  agar  and  in  the 
other  gelatine  plates  being  used.     24  hours'  cultures  in  broth  at  37"  C.^ 


Disinfection  of  B.   coli 
Exp.  15.  2.  '10. 


TABLE   IV. 

commune  with  0*5  Yo  phenol  at  20"  C. 


Time, 

ninute 

=  t 

Amount 

of 
sample 
3     taken, 
drops 

Numbers 

on  plates 

(agar) 

Mean 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

mixture,  =N 

LogioiV      t^ 

-t  ^°^V 

(0-8 

593  623 

608 

608 

2-784) 

— 

1-9  = 

«o        1 

286  354  256 

299 

299  =  iYo 

2-476 

— 

2-9 

229  219  301 

249-7 

249-7 

2-397 

-079 

4-25 

193  209  217 

206-3 

206-3 

2-314 

-069 

5-75 

192  172  158 

174 

174 

2-240 

-061 

7-5 

(2 

127 

261 

II 

129-3 

2-112 

•065 

10 

2 

144  207 

175-5 

87-75 

1-943 

-066 

15, 

!^ 

121 
261 

-1\ 

47-7 

1-678 

•061 

20 

<10 

116 
195 

-  \ 

-  i 

20-73 

1-317 

-064 

30 

10 

51  20 

35-5 

3-55 

•550 

•068 

40 

20 

7  13 

10 
TABLE 

•5 
V. 

-•301 

Mean 

•073 
-067 

Disinfection  of  B.  coli 

commu7ie 

with  0-5  7o  phenol  at  20° 

c. 

Exp 

.  21.  3.  '10. 

Time, 

ninute 

=  t 

Amount 

of 
sample 
s     taken, 
drops 

Numbers 
on  plates 
(gelatine) 

Mean 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

mixture,  =A^ 

Logio  A'       t„ 

K  = 

-t  ^^^V 

/0-6 
Vl-5 

1 

1 

645  623  648 
565  564  639 

639 

589 

639 

589 

2^805\ 
2^770; 

— 

2-5  = 

^0          1 

436  470  475 

460 

460  =  .Vo 

2-663 

— 

3-75 

1 

425  395  364 

395 

395 

2^597 

•053 

5 

1 

340  329  351 

340 

340 

2-531 

•053 

7 

2 

493  513  498 

501 

250 

2^398 

•059 

10 

ho 

387     416 
2080  1830 

—  I 

—  \ 

196 

2-292 

•049 

15 

2 

204     273 

238 

119 

2^075 

-047 

20 

20 

1670  1780 

1725 

86-2 

1-935 

Mean 

•042 
•051 
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made  from  a  stock  agar  culture  grown  at  room  temperature,  again  served 
as  the  material  to  be  disinfected  and  the  method  was  exactly  as  above 
described. 

The  results  are  similar  to  those  obtained  in  the  case  of  B.  typhosus  ; 
as  disinfection  proceeds  a  logarithmic  relation  is  approximately  main- 
tained between  the  time  of  disinfection  and  the  concentration  of 
surviving  bacteria. 

In  some  cases  for  a  very  short  period  (usually  less  than  two  minutes) 
at  the  beginning  of  the  experiment  there  was  some  irregularity. 
Numbers  counted  during  this  period  are  not  plotted  in  Fig.  3  or  used 
for  calculating  the  velocity  constants  in  Tables  IV  and  V.  I  am 
inclined  to  attribute  this  to  a  difficulty  with  this  species  in  obtaining 
perfect  mixing  and  accurate  sampling  during  the  first  moments  of  an 
experiment.  The  variation  was  not  consistent  in  one  sense,  in  some 
cases  the  number  of  bacteria  counted  was  larger,  in  others  smaller  than 
was  to  be  expected.  Eijkman's  (1909)  results  which  differ  from  the 
above  will  be  referred  to  later  (see  p.  249). 


Time,  minutes 

Fig.  3.     Disinfection  of  B.  coli  commune  with  0'5  7o  phenol  at  20°  C. 
{a)     Exp.  15.  2.  '10,  Table  IV.         (6)     Exp.  21.  3.  '10,  Table  V.  . 


(c)     Staphylococcus  pyogenes  aureus. 

Disinfection  proceeds  logarithmically  except  for  a  period  at  the 
beginning,  during  which  disinfection  is  extremely  slow.  This  period 
of  lag  lasted  in  all  cases  for  four  minutes,  see  Figs.  4  and  5,  and  was 
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consistently  picscnt  in  conti'adistinction  to  the  iirogulurity  fV(Mjuently 
noticed  in  the  case  of  B.  coli  coimnane.  At  the  end  of  this  period 
disinfection  proceeded  in  upproxiniate  accordance  with  the  logaritliniic 


law. 
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Fig.  4.     Disinfection  of  StiqjJn/lococcus  pyogenes  aureus  with  0-G  ^o  ptienol  at  20"  C. 

(Exp.  G.  4.  '09,  Table  VI.) 

TABLE   VI. 


Disinfection  of  Staphylococcus  pyogenes 

aureus  with  0-6 

7o  phoiol 

at  20° 

c. 

Exp. 

6.  4.  '09. 

Time, 

minutes 

=  t 

Amount 

of 

sample 

taken, 

drops 

Numbers 

counted 

on  plates 

(agar) 

Mean 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

mixture,  =N 

Logio  ^ 

<n 

,   log 

Control 

1369  1218 

1293 

1293 

3-112 



1 

1160  1120  1143 

1141 

1141 

3057 

— 

3 

974  1064  1093 

1044 

1044 

3-019 

— 

4  =  ^0 

986    929    940 

952 

952  =  i^o 

2-979 

— 

5 

693     669     762 

708 

708 

2-850 

•1-29 

6 

2 

1062  1048  1148 

1086 

543 

2-735 

•122 

7 

3 

1253  1167  1187 

1202 

401 

2-603 

•125 

8 

3 

728     731 

729-5 

243-2 

2-386 

•148 

9 

5 

1113     912  . 

1012-5 

202-5 

2-306 

-135 

10 

5 

761     691     890 

780-7 

156-1 

2193 

-131 

12 

10 

626    326    410 

454 

45-4 

1-657 

-165 

15 

10 

220    216 

218 

21-8 

1-338 

-149 

Mean 

•136 
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TABLE   VII. 

Disinfection  of  Stajjhylococcus  2yyo(je7ies  aureus  with  0-6*^/o  phenol  at  20°  C. 


Exp. 

16.  3.  '09 

• 

Time, 

minutes 

=  t 

Amount 

of 
sample 
taken, 
drops 

Numbers 

counted 

on  plates 

(agar) 

Mean 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

mixture,  :^N 

Logio  N 

Control 

1 

1222  1140 

1180 

1180 

3072 

— 

1 

1 

1005     978  1011 

998 

998 

2-999 

— 

2 

1 

958    995     944 

966 

966 

2-985 

— 

3 

1 

794    878    889 

854 

854 

2-931 

— 

4  =  ^0 

2 

1498  1400  1570 

1489 

744  =  ^0 

2-872 

— 

5-1 

3 

2039  1882  1649 

1857 

619 

2-792 

-073 

7 

8 

2723  2586  2100 

2469 

309 

2-490 

•127 

10 

10 

961  1172  1550 

1228 

122-8 

2-089 

-130 

15 

1  6 

315     247 

187 

—    ' 
_    1 

29-1 

1-464 

-128 

Mean     -114 
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Fig.  5.     Disinfection  of  Staphylococcus  pyogenes  aureus  with  0*6  "/^  phenol  at  20°  C. 

(Exp.  16.  3.  '09,  Table  VII.) 

The  results  of  two  experiments  with  Staphylococcus  py.  aur.  and 
0-6  7o  phenol  at  20°  C.  are  given  in  Tables  VI  and  VII.  For  reckoning 
the  value  of  the  velocity  constant  in  these  tables  the  initial  concentra- 
tion of  bacteria  is  taken  as  that  obtaining  at  the  end  of  the  "  period  of 
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lag,"  as  dotermirjcd  from  tho  curves  in  Figs.  4  and  5  rospectively, 
where  logarithms  of  concentration  of  survivors  are  plotted  against  time. 
The  results  of  two  additional  experiments  arc  given  in  Table  VIII. 


TABLE 

vni. 

Disinfection  of  Staphylococcns 

pyogenes 

aureus  ivith  0  6 

7o  ph^'i^ol  at 

;  20"  C. 

Exp. 

I,  30.  8. 

'09. 

Time, 

minutes 

=  t 

Amount 

of 
sample 
taken, 
drops 

Numbers 

counted 

on  plates 

(agar) 

Mean 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

mixture,  =N 

1 
Logjo  A^       t^  - 

7  log/ 

3 

1 

310 

310 

310 

2-491 

— 

4-^0 

1 

284  224  236 

248 

248  =  i^o 

2-394 

— 

5 

1 

120  128  127 

125 

125 

2-097 

•30 

6 

1 

107  109 

108 

108 

2-033 

-18 

7 

2 

95     88 

91-5 

45-7 

1-660 

•24 

8 

2 

63     47 

55 

27-5 

1-439 

-24 

9 

2 

36    36 

36 

18 

1-255 

•23 

10 

3 

13     14    33 

20 

6-66 

0-823 

•26 

12 

5 

26     25 

25-5 

51 

-708 

-21 

15 

5 

17     19     18 

18 

3-6 

•556 

Mean 

-17 

•23 

Exp. 

II,  13.   3. 

'09. 

1 

1 

663  641  633 

646 

646 

2-810 



3  =  ^0 

1 

246  260  254 

253 

253  =  iV^o 

2-403 

— 

5 

1 

42     49     41 

44 

44 

1-643 

•38 

7 

2 

40     24     20 

28 

14 

1-146 

•31 

10 

2 

4       6       7 

5-66 

1                2-83 

•452 

•28 

Mean     ^32 


In  Table  IX  are  given  the  results  of  two  experiments  with 
Staphylococcus py.  aur.  and  06  7o  phenol,  in  which  comparison  is  made 
between  the  disinfection  of  bacteria  grown  at  37"  C.  (Exp.  a)  and 
bacteria  grown  at  42°  C.  (Exp.  b),  the  conditions  of  experiment  being 
otherwise  identical.  Disinfection  in  the  first  case  was  consistent  with 
the  experiments  described  above,  but  the  bacteria  grown  at  the  higher 
temperature  displayed  as  a  whole  a  greatly  increased  resistance,  and 
disinfection  was  so  slow  that  it  was  impossible  to  study  it  within  the 
time  of  the  experiment.  A  similar  phenomenon  was  noticed  in  the  case 
of  disinfection  of  B.  typhosus  with  phenol  by  Rideal  and  Walker  (1903, 
p.  431),  and  by  Martin  and  the  author  (1908,  p.  661). 
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TABLE   IX. 

Disinfection  of  Staphylococcus  pyogenes  aureus  with  0"G  "/^  phenol  at  20°  C 

Experiments  to  show  difference  in  resistance  of  a  culture  grown  at  37°  C. 

and  one  grown  at  42°  C. 

Exp.  23.  3.  '09.      (a)    Culture  grown  at  37°  C. 


Time, 

minutes 

=  t 

Control 
1 
2 
3 

4  =  ^0 
5 

7 
10 


Amount 
of 

sample 
taken, 
drops 


2 

3 
ilO 


Numbers 

counted 

on  plates 

(agar) 

G56  679 

GOO  709  554 

659  616  516 

587  616  613 

510  544  460 

765  932 

1115  847  1017 

1488  1410 

1317 


(/j)     Culture  grown  at  42°  C. 

Control  1  116 

2  1  80  102  101 

8  1  117     91 

5  2  171  190  156 

7  3  231  255  265 

10  10  825  768  843 


Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

Mean    mixture,  =A' 

667  667 

621  621 

597  597 

605  605 

505       505  =  ^0 
848       424 
993       331 

150-5 


116  116 

94-3  94-3 

104  104 

172-3  86-1 
250        83-4 

812  81-2 


K- 


2-824 
2-793 
2-776 
2-782 
2-703 
2-627 
2-520 


lo«— " 


2177 


•076 
•091 

-088 


1 


Mean      085 


2064 
1-975 
2-017 
1-935 
1-921 
1-910 


Time,  minutes 

Fig.  6.     Disinfection  of  Staphylococcus  pyogenes  aureus  with  0-6  ^q  phenol 

at  20°  C.     (Table  IX.) 
(a)     24  hours'  culture  at  37°  C.  {b)     24  hours'  culture  at  42°  C. 
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(2)     General  conclusions  upon  disinfection  ivitli  phenol. 

Disinfection  with  phenol  may  in  general  be  considered  to  proceed 
in  accordance  with  a  logarithmic  law  so  that  the  concentration  of  sur- 
vivors varies  logarithmically  with  time,  or,  in  other  words,  the  rate 
of  disinfection  at  any  moment  is  proportional  to  the  concentration  of 

surviving  bacteria  (  —  -,    =  Kn\ . 

Of  the  species  worked  with,  anthrax  spores,  B.  tr/phosus,  ^nd  cuhnres 
of  B.  paratyphosus  obtained  by  successive  sub-culturing  after  short 
periods  of  growth,  may  be  cited  as  proof  of  this  assertion,  without 
further  remark.  In  my  opinion,  B.  coli  commune  and  Staphylococcus 
pyogenes  aureus  (if  we  allow  for  a  short  "  period  of  lag  "  at  the  beginning 
of  disinfection)  may  be  added  to  this  list. 

Eijkman,  however,  came  to  the  conclusion  that  the  rate  of  disinfection 
of  B.  coli  commune  by  phenol  (1909)  or  hot  water  (1908)  was  not  propor- 
tional to  the  concentration  of  survivors,  except  possibly  for  a  short  period 
in  the  middle  of  the  disinfection,  and  that  a  much  slower  rate  obtained 
not  only  at  the  beginning  but  also  at  the  end.  The  ''  period  of  lag  "  con- 
stantly present  at  the  start  was  called  by  him  a  "period  of  incubation." 
This  is  contrary  to  my  own  experience  of  B.  coli,  which,  whether 
disinfected  by  phenol  or  by  heat  (see  below),  I  have  found  to  die  at  a 
rate  approximately  proportional  to  the  concentration  of  survivors. 
Slight  discrepancies  occur  at  the  beginning  of  disinfection,  but  these,  I 
think,  are  attributed  to  error  in  sampling.  My  experience  confirms  that 
of  Eijkmann  (1908,  p.  17,  and  1909,  p.  6),  who  had  great  difficulty  in 
obtaining  uniformity  in  cultures  of  B.  coli. 

In  the  case  of  Staphylococcus  and  24  hours'  cultures  of  B.  para- 
typhosus the  departure  from  the  logarithmic  law  at  the  beginning  of 
disinfection  is  of  a  different  character.  The  invariable  "  incubation 
period"  in  the  first  case,  and  the  invariable  preliminary  rush  in  the 
second,  are  evidently  realities  and  must  be  attributed  to  some  idio- 
syncracy  of  the  species  in  question.  With  Staphylococcus,  after  about 
4  minutes,  disinfection  proceeds  in  an  orderly  manner  so  that  the  delay 
is  possibly  due  to  a  slow  permeability  of  the  bacterial  envelope  to 
phenol. 

In  the  case  of  24  hours'  cultures  of  B.  paratyphosus  (see  H.  C.  1908, 
p.  109)  the  surviving  bacteria  decrease  in  number  more  rapidly  at  first 
than  would  be  the  case  if  the  rate  of  disinfection  were  simply  propor- 
tional to  the  concentration  of  bacteria  at  the  moment,  and  a  suggested 
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explanation  has  already  been  put  forward.  This  explanation  has  been 
criticised  in  the  meantime  by  Hewlett  (1909),  so  that  a  few  further 
remarks  may  be  permitted.  The  departure  from  the  logarithmic  law 
was  found  to  be  minimised  by  experimenting  with  material  obtained  by 
successively  sub-culturing  a  small  amount  of  a  broth  culture  into  fresh 
broth  every  2 — 3  hours ;  in  this  case  disinfection  proceeded  in  a  more 
regular  manner  and  at  the  slower  rate.  This  is  shown  in  Fig.  7,  which 
ilhistrates  two  experiments  with  B.  paratypJiosus  and  0*6  7o  phenol  {loc. 
cit.  Tables  VII  and  XII),  one  made  with  a  24  hours'  culture  and  the 
other  with  material  which  had  been  successively  sub-cultured  three 
times  at  three  hours'  intervals.  In  the  former  case  logarithms  of 
concentration  of  living  bacteria,  plotted  against  time,  give  a  curve  ;  in 
the  latter  case,  however,  disinfection  is  more  nearly  logarithmic  through- 
out, the  experimental  points  lie  on  a  straight  line  and  the  velocity 
constant  has  an  approximately  constant  value. 
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Fig.  7.      (a)    Disinfection   of  24  hours'  culture  of  B.  paratyphosus  with  06  ^o  phenol 
at  21°  C.     (H.  C.  1908,  Table  VII.) 

(b)     Disinfection   of  3  hours'    culture   (3rd  generation   of  3  hours'  cultures)  of 

B.  paratyphosus  jvith  0-6  ^o  phenol  at  20°  C.  (H.  C.  1908,  Table  XII.) 

Hewlett  (loc.  cit.  p.  50),  after  an  analysis,  among  others,  of  the  tables 
from  which  these  curves  are  drawn,  *'  can  only  see  a  slight  balance  in 
favour  of  the  'young'  cultures  giving  a  constant  less  variable  than  the 
constant  obtained  with   24  hours'  cultures."     Hewlett's  treatment  of 
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these  (l;ib;i  is  not  (juite  I(^(,nt,iiuate.  'J'h(;  labhis  he  compares  are  not 
strictly  comparable,  the  times  at  which  sam[)les  were  taken  being 
different  in  the  different  cases.  Comparison  of  curves,  on  the  other  liand, 
in  which  h)garithms  of  concentration  of  surviving  bacteria  are  plotted 
against  time,  is  unexceptionable.  From  experiments  with  24  hours' 
cultures  of  B.jmrati/phosus  a  series  of  curved  lines  are  obtained,  whereas 
from  experiments  with  successively  cultured  material  the  lines  arc 
approximately  straight,  see  Fig.  7. 

The  following  interpretation  was  suggested  to  account  for  this 
apparent  anomaly.  Whereas  in  the  case  of  anthrax  spores  and  other 
species,  where  disinfection  proceeds  logarithmically,  we  may  suppose 
temporary  differences  in  resistance  to  disinfectants  to  exist  among  the 
individual  bacteria  (see  also  pp.  240  and  282),  in  24  hours'  cultures  of 
B.  paratyphosus  we  must  suppose  in  addition  the  existence  of  permanent 
differences  in  resistance  among  the  individuals,  these  differences  to  be 
in  some  way  bound  up  with  the  "age"  of  the  culture. 

In    my   previous    paper   this    was    perhaps    not    very    satisfactorily 
expressed,  which  may  account  for  some  misunderstanding.     The  age  of 
individuals,  as  long  as  multiplication   is  regularly  maintained   during 
growth   of  a  culture,  would  probably  be  the  same  in  all   cultures  of 
whatever  history,   provided   the   temperature   of   incubation   were   the 
same.     But   a   difference    might    exist   between    the    population    of  a 
3  hours'  and  a  24  hours'  culture,  owing  to  the  fact  that  in  the  latter 
case  the  culture  medium  had  altered  in  composition  by  the  time  the 
last  multiplication  had  taken  place,  as  a  result  of  the  large  amount  of 
growth  it  had  already  sustained ^     In  such  a  sense  one  may  imagine 
differences  to  exist  between  "  old  "  and  "  young  "  cultures.     Whatever 
may  be  the  correct  manner  of  expression,  it  seems  that  the  majority  of 
the  individuals  in  24  hours'  cultures  of  B.  paratyphosus  have  a  per- 
manently weakened  resistance  to  disinfectants,  which  must  be  distin- 
guished from,  and  which  they  possess  in  addition  to,  those  temporary 
differences  in  resistance  by  which  I  account  for  the  logarithmic  nature 
of  disinfection  in  the  ideal  case. 

(3)     Summary  of  Section  II. 

1.     Further  experimental  evidence  is  adduced   to   show  that   dis- 
infection with  phenol  proceeds  in  accordance  with  a  logarithmic  law, 

^  In  my  experiments  24  hours'  cultures  would   seem  to   have  attained  the  limit  of 
growth,  from  the  approximately  constant  number  of  bacteria  they  contained. 
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in  a  manner  analogous  to  that  of  a  reaction  of  the  first  order,  so  that 
the  velocity  of  disinfection  at  any  moment  is  proportional  to  the  con- 
centration of  surviving  bacteria  f  —  -^  =  K71  j . 

Experiments  have  been  made  with 

(a)  B.  typhosus, 

(b)  B.  coli  communey 

(c)  Staphylococcus  pyogenes  aureus, 

and  compared  with  those  made  with  anthrax  spores  and  B.  paratyphosus, 
which  have  been  published  previously. 

2.  In  the  case  of  Staphylococcus  py.  aur.  there  is  invariably  a 
short  period  (4  minutes  with  0*6  "/o  phenol)  at  the  beginning  of 
disinfection,  when  the  disinfectant  has  little  or  no  effect,  after  which 
disinfection  proceeds  in  the  normal  manner.  The  suggestion  is  made 
that  it  is  due  to  time  taken  for  penetration  of  the  bacterial  envelope 
by  the  disinfectant. 

3.  In  the  case  of  24  hours'  cultures  of  B.  paratyphosus,  where 
disinfection  proceeds  at  first  at  a  rate  which  is  in  excess  of  what  it 
would  be  if  proportional  only  to  the  concentration  of  survivors,  the 
majority  of  the  individuals  possess  a  permanently  lessened  resistance  to 
the  disinfectant.  It  is  suggested,  in  amplification  of  a  suggestion  put 
forward  in  a  previous  paper,  that  this  may  be  caused  by  exhaustion  of 
the  medium  in  which  the  bacteria  have  been  grown.  Cultures  produced 
by  successive  sub-culture  after  short  intervals  of  time  show  approximate 
conformity  to  the  logarithmic  law. 

III.    The  process  of  disinfection  by  hot  water. 

(1)     Gene7^al  remarks  upon  disinfection  by  heat. 

In  disinfection  by  heat  it  is  possible  that  three  entirely  different 
processes  may  be  at  work : 

(1)  the  direct  effect  of  heat  upon  the  proteins  of  the  bacteria, 

(2)  the  effect,  possibly  hydrolytic,  of  water  upon  these  proteins  at 
high  temperatures, 

(3)  desiccation  of  the  organisms. 

In  sterilisation  of  bacteria  by  dry  heat  a  combination  of  (1)  with  (2) 
or  possibly  with  (2)  and  (3)  may  occur.  The  germicidal  action  of  hot 
water  at  temperatures  of  45°  C.  to  55"  C,  however,  presents  a  very  suit- 
able subject  for  the  study  of  the  simplest  disinfection  process.  For,  from 
the  analogous  behaviour  of  proteins  and  enzymes,  when  treated  with 
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hot  water,  it  would  appear  to  present  an  uncomplicated  instance  of  the 
second  effect. 

Madsen  and  Nyman  (1907)  investigated  the  rate  at  which  anthrax 
spores  dried  in  the  air  upon  the  surface  of  garnets  (method  of  Krotiig 
and  Paul,  1897)  were  killed  when  placed  in  glass  tubes  and  immersed 
in  an  oil  bath  at  100°  C.  and  110°  C.  respectively.  At  intervals  one 
tube  of  garnets  was  removed,  the  garnets  shaken  in  a  measured 
quantity  of  water  and  plate  cultures  made.  Their  observations  do  not 
afford  convincing  evidence  that,  under  these  conditions,  disinfection 
proceeds  in  accordance  with  a  logarithmic  law,  but  the  authors,  con- 
sidering the  roughness  of  the  experimental  method,  seem  satisfied  with 
the  agreement  between  calculated  and  observed  values. 

The  following  experiments  refer  to  the  effect  of  water  at  tempera- 
tures from  45°  C.  to  55°  C,  this  method  of  experiment  having  been 
adopted  in  order  to  avoid  some  of  the  complications  mentioned  above. 

(2)     Method  employed. 

A  wide  mouthed  test  tube,  capacity  about  50  c.c,  was  fitted  with  a 
cork  having  two  holes,  into  each  of  which  a  small  piece  of  glass  tubing 
had  been  fitted.  The  smaller  glass  tube  A  (see  Fig.  8)  acted  as  a 
bearing  for  the   stirrer  G  which  was  attached  to  a  bicycle  hub  by  a 
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piece  of  india-rubber  tubing.  The  bicycle  hub  had  a  small  pulley  at  its 
upper  end  round  which  a  cord  passed  to  the  shafting.  The  second  tube, 
B,  closed  with  a  cotton  wool  plug,  was  used  for  adding  the  bacteria  and 
for  the  withdrawal  of  the  samples. 

The  whole  apparatus  being  previously  sterilised,  20  c.c.  of  sterile 
distilled  water  was  placed  in  the  tube  and  the  whole  allowed  to  remain 
in  the  bath  sufficiently  long  to  acquire  the  necessary  temperature.  A 
24  hours'  broth  culture  of  the  particular  organism,  grown  at  37°  C,  was 
diluted  about  five  to  ten  times,  and  at  a  given  moment  a  small  quantity 
of  the  diluted  culture  was  introduced  through  the  small  tube  B.  At 
suitable  times  samples  were  withdrawn  with  sterilised  pipettes,  placed 
in  separate  small  sterilised  tubes  and  allowed  to  cool  immediately. 

At  the  conclusion  of  the  experiment,  plates  were  poured  with 
measured  quantities  of  the  liquid  in  the  series  of  tubes,  smaller 
quantities  (0'02  c.c.)  from  the  earlier  samples  and  larger  quantities 
(0*2  to  04  c.c.)  from  the  later  samples. 

The  experiments  were  preferably  so  arranged  that  the  disinfection 
tube  contained  about  500  to  2000  organisms  per  standard  drop  (25,000  to 
100,000  per  c.c.)  at  the  start  and  samples  were  usually  taken  until  there 
were  less  than  10  per  drop. 

The  character  of  the  disinfection  process  and  its  velocity  at  different 
temperatures  was  studied  in  the  case  of  the  following  organisms  : 

(a)  B.  tyj^Jiosus, 

(b)  B.  coli  commune, 

(c)  B.  paratypliosus, 

(d)  Staphylococcus  pyogenes  alhus  and  Staphylococcus  pyogenes 
aureus, 

(e)  B.  pestis. 

(a)     Experiments  ivith  B.  typhosus. 

Experiments  with  24  hours'  cultures  of -B.  typhosus  were  made  over 
a  series  of  temperatures  from  49°  C.  to  54°  C.  The  results  of  two 
experiments  at  54-15"  C.  and  49°  C.  respectively  are  given  in  Table  X  and 
graphically  expressed  in  Fig.  9 ;  the  results  of  two  further  experiments 
at  52°  C.  and  521°  C.  are  given  in  Table  XL 

Disinfection  proceeded  according  to  the  usual  rule,  approximately 

constant  values  were  obtained   for  the   velocity  constant  KI  =- - 

\        hi  —  Co 

]^\ 
log-~j   and   approximately  straight   lines   were   obtained   on   plotting 
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time  against  logarithms  of  numbers  of  survivors  present  in  unit  volume. 
The  first  enumeration  in  the  experiment  at  49°  C.  (2008  bacteria  per 
drop  at  0*28  minutes)  is  out  of  line  with  the  other  determinations,  and 
has  been  disregarded  on  the  ground  that,  owing  to  imperfect  mixing 
in  so  short  a  time,  much  stress  should  not  be  laid  upon  the  result  of  the 
analysis  of  a  sample  taken  during  the  first  20  seconds  after  addition  of 
the  bacteria.  If  this  determination  is  included  and  used  in  the  calcula- 
tion of  the  values  for  the  velocity  constant,  disinfection  will  apparently 
proceed  at  an  excessive  rate  during  the  first  minute  {K  = 'SOH).  For 
the  reason  given  above  it  is  hard  to  say  whether  the  phenomenon  is  a 
reality  or  not.  In  other  experiments  there  is,  however,  also  a  fall, 
though  slight,  in  the  value  of  K  as  disinfection  proceeds,  see  Exp.  II, 
Table  X,  and  Exps.  I  and  II,  Table  XL 


TABLE 

X. 

Disinfection  of 

B 

.   typhosus  loith  hot 

water. 

Exp. 

I,  9.  6.  ' 

09.      Temperature  49' 

'  C. 

Amount 

Mean  no.  of 

of 

Numbers 

bacteria  present 

Time, 

sample 

counted 

in  1  drop 

K= 

minutes 

taken, 

on  plates 

disinfection 

^      loa^^'o 

=  t 

drops 

(agar) 

Mean 

mixture,  —N 

Logio  ^     ^i 

0-28 

1 

1881  2122  2022 

2008 

2008 

3-303 

— 

l-0  =  t, 

)        1 

1298  1098 

1198 

1198  =  ^0 

3-078 

— 

2-05 

1 

914     769  1093 

925 

925 

2-966 

-107 

3 

3 

1782  2246  2770 

2266 

755 

2-878 

-100 

4 

4 

1947  2522  2038 

2169 

542 

2-734 

-114 

5 

1   1 

fio 

449 
5180  4640 

II 

488 

2-688 

-097 

7 

(10 

1788 
2800  2940 

II 

289 

2-461 

•103 

10 

10 

1113  1067  1204 

1128 

112-8 

2052 

•114 

15 

jlO 

(20 

211 
514 

30 

II 

—  1 

24-2 

1-384 

-113 

20 

<  10 
20 

28 
51 

i} 

3 

-477 

Mean 

•137 

-111 

Exp. 

II,  9.  6. 

'09.      Temperature 

54  15°  C. 

0-25 

1 

509     444     472 

475 

475=^0 

2-677 

— 

0-5 

1 

198  201 

199-5 

199-5 

2-300 

1-51 

1-0 

3 

121      86     108 

105 

35 

1-544 

1-51 

1-5 

5 

40       54       46 

46-6 

9-3 

•968 

1-37 

2  0 

10 

16       18       13 

15-66 

1-566 

•195 

1-42 

Mean     1*45 
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It  may  therefore  be  said  that  with  disinfection  of  B.  typhosus  by  hot 
water  an  approximately  logarithmic  relation  exists  between  time  and 
concentration  of  surviving  bacteria,  and  that  any  departure  is  in  the 
direction  of  disinfection  being  quicker  at  the  beginning  and  slower  at 
the  end  of  the  process  than  would  be  the  case  if  the  agreement  were 
complete. 


Time,  minutes 

Fig.  9.     Disinfection  of  B.  typhosus  with  hot  water  (Table  X). 
(a)     Exp.  I  at  49°  C.  {b)     Exp.  II  at  54-15^  C. 


TABLE   XI. 

Disinfection  of  B.  typhosus  with  hot  water. 


Exp. 

I,  2.  6.  '( 

39. 

Temperature  5 

2°C. 

Time, 
minutes 

Amount 
of 

sample 
taken, 
drops 

Numbers 

counted 

on  plates 

(agar) 

Mean 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

mixture,  =N 

Logjo^ 

<n 

K= 
-t  ^°^A^ 

0-25 

1 

204     180 

192 

192  =  iVo 

2-28 

— 

1 

1 

6     29     20 

18-3 

18-3 

1-26 

1-36 

2 

2 

3       0       4 

2-33 

1-16 

•06 

1-27 

Mean 

1-31 

Exp. 

II,  5.  6. 

'09. 

Temperature 

52-1°  C. 

0-29 

1 

576     470 

523 

523  ^A^o 

2-718 

— 

1 

2 

189     251 

220 

110 

2041 

•95 

2 

5 

91       67 

79 

15-8 

1-199 

•89 

4 

10 

18       15 

16-5 

1-65 

•217 

•67 

Mean     ^84 


H.  Chick 


257 


(b)     B.  coli  commune. 

Experiments  made  with  B.  coli  commune  at  temperatures  from 
49°  C.  to  53°  C.  gave  results  similar  to  those  with  B.  tijphosus. 

Table  XII  and  Fig.  10  express  the  results  of  two  experiments  using 
agar  plates;  Table  XIII  and  Fig.  11  are  from  experiments  made  with 
gelatine  plates. 

The  logarithmic  relation  existing  between  concentration  of  survivors 
and  time  of  disinfection  is  subject  to  some  slight  irregularity.  In 
Exp.  I,  Table  XII,  the  value  of  if  shows  a  general  tendency  to  decrease, 


TABLE   XII. 


Disinfection  of  B.  coli  commune  with  hot  water. 
Exp.  I,  15.  2.  '10.      Temperature  48-9°  C. 


Amount 

Mean  no.  of 

of 

Numbers 

bacteria  present 

Time, 

sample 

counted 

in  1  drop 

K= 

minutes 

taken, 

on  plates 

disinfection 

1         1          -^0 

=  « 

drops 

(agar) 

Mean 

mixture,  =N 

Logjo  iV     t,j 

0-25  = 

h      1 

371  362  383 

372 

372  =  N, 

2-570 

— 

1-0 

1 

266  253  304 

274-3 

274-3 

2-438 

•176 

2 

1 

191  178  201 

190 

190 

2-279 

•166 

4 

1^ 

68     76 
129 

li 

68-25 

1^834 

•196 

6 

25 
44 

li 

23 

1-362 

•210 

10 

C 

16     29 

67 

-  ) 

—  S 

12-4 

1093 

•152 

15 

\   5 
(10 

10 
15     18 

—  \ 
_  i 

1-72 

•235 

•159 

20 

jlO 

1       6 

-\ 

•425 

-•372 

•149 

m 

10 

—  s 

Mean 

•172 

Exp. 

II,  15.  2. 

'10.      Temperature 

52-7°  C. 

0-25^ 

t,  1 

416  331  402 

383 

383  =  A^o 

2^583 

— 

1-0 

1 

207  235  183 

208 

208 

2-318 

•353 

2 

1 

93     73  103 

89-7 

89-7 

1-953 

•360 

4 

2 

21     47     19 

29 

14^5 

1-161 

•379 

6 

4     3 

II 

1-1 

•041 

•442 

5 

8 

10 

6     5 

5-5 

•55 

-•260 

•367 

10    , 

10 

10       1 

•66 

•066 

-1-181 

•386 

Mean     -381 
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TABLE    XIII. 


Disinfection  of  B.  coli  co'}nmune  with  hot  ivater. 
Exp.  I,  26.  2.  '10.       Temperature  49°  C. 


Time, 

minutes 
=  t 

Amount 
of 

sample 
taken, 
drops 

Numbers 
counted 
on  plates 
(gelatine) 

Mean. 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

mixture,  =N 

] 

K= 

-1  ^""^N 

0-75=: 

^0        1 

341 

375     276 

331 

331  =  ^0 

2-520 

— 

1-5 

1 

313 

307     332 

317 

317 

2-501 

•025 

2  5 

1 

249 

282     295 

275 

275 

2-439 

•046 

4 

2 

500 

534     462 

499 

249-5 

2-897 

•088 

6 

5 

922 

868     834 

875 

175 

2-243 

•053 

9 

10 

1740 

1710  1490 

1650 

165 

2-217 

•037 

14 

20 

1440 

1540  1290 

1420 

71 

1-851 

•050 

20 

20 

832 

836     704 

791 

39-5 

1-597 

Mean 

•048 

•042 

Exp. 

II,  26.  2. 

'10. 

Temperature 

52-5°  C. 

0-25  = 

^0      1 

388 

443     374 

402 

402  =  ^^0 

2-604 

— 

0-75 

1 

360 

411     388 

386 

386 

2-587 

•084 

1-5 

1 

809 

290     268 

289 

289 

2-461 

•114 

2-5 

2 

478 

469     493 

480 

240 

2-880 

•099 

4 

5 

617 

593     598 

602-7 

120-5 

2-081 

•189 

6 

U3 
I20 

812 
1260     1310 

_  ■ 

63-8 

1-805 

-189 

8 

20 

574 

647     697 

639 

82 

1-505 

Mean 

•142 

•111 

in  Exp.  II  and  in  both  experiments  in  Table  XIII  to  increase  as  disinfec- 
tion proceeds.  The  latter  type  bears  a  resemblance  to  the  experiments 
of  Eijkman  (see  above,  p.  249).  All,  however,  conform  more  nearly 
than  his  to  what  I  may  call  the  ideal  case,  and,  considering  that  the 
deviation  is  small,  and  not  consistently  in  one  direction,  and  that  the 
species  is  moreover  extremely  variable,  I  conclude  that  here  also 
disinfection  proceeds  so  that  the  rate  is  approximately  proportional  to 
the  concentration  of  survivors,  and  that  straight  lines  most  satisfactorily 
express  the  relation  between  the  experimental  points  when  logarithms 
of  the  latter  are  plotted  against  time. 

The  variability  of  this  species  is  well  shown  by  a  comparison  of 
Tables  XII  and  XIII,  where  rate  of  disinfection  of  apparently  similar 
material,  at  approximately  the  same  temperature,  is  in  the  one  pase 
about  four  times  as  great  as  in  the  other. 
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Time,  minutes 

Fig.  10.     Disinfection  of  B.  coli  commune  with  hot  water  (Table  XII). 
(a)     Exp.  I  at  48-9°  C.  {b)     Exp.  II  at  52'7°  C. 


o 


1             ■                      1 

I     ■  ■  ■ 1 

\      ^^^^-\^0 

\ 

^^-v,^a 

d 

■ 1 1 

1 1 

Time,  minutes 


Fig.  11.     Disinfection  of  B.  coli  commune  with  hot  water  (Table  XIII). 
(a)     Exp.  I  at  49°  C.  (b)     Exp.  II  at  52-5°  C. 
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(c)     Experiments  with  B.  pm^aiyphosus. 

Experiments  were  made  with  24  hours'  cultures  of  B.  paratyphosus 
at  a  temperature  of  47'2 — 47'3°  C,  at  which  temperature  the  rate  of 
death  is  fairly  rapid.  The  results  of  three  experiments  are  given  in 
Table  XIV  and  Fig.  12. 

TABLE   XIV. 
Disin/ectio7i  of  B.  paratyphosus  ivith  hot  water. 


Exp. 

I,  5.  5.  '09.      Temperature  4'j 

^•2°  C. 

Time, 

minutes 

=  t 

Amount 

of 

sample 

taken, 

drops 

Numbers 

counted 

on  plates 

(agar) 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

Mean        mixture,  =N 

Logio  N      t^ 

K= 

-t  ^^^W 

1-05 

1 

1117 

1119  1143 

1126 

1126 

3-051 

— 

2-2 

1 

774 

824     836 

811-3 

811-3 

2-909 

— 

S  =  to 

1 

672 

639     694 

668 

668  =  A^o 

2-825 

— 

5 

1 

441     487 

464 

464 

2-666 

-079 

7 

2 

673 

684     631 

662-7 

331-3 

2-520 

-076 

10 

3 

618     580 

599 

199-7 

2-300 

•075 

15 

5 

457 

397     412 

422 

84-4 

1-926 

-075 

20 

ho 

198 
408     502 

II 

44-3 

1-646 

Mean 

•069 

•075 

Exp. 

II,  23.  4. 

'09. 

Temperature 

47-2°  C. 

10=^0 

1 

307 

242     248 

266 

266  =  i^o 

2-425 

— 

15 

1 

102 

133       83 

106 

106 

2-025 

•080 

20 

2 

104 

107     105 

105-3 

52-6 

1-721 

•070 

25 

3 

94 

85     104 

94-3 

31-4 

1-497 

•061 

30 

4 

50 

61       47 

52-66 

13-16 

1-119 

•065 

41 

5 

16 

12       19 

15-66 

3-13 

•495 

Mean 

•062 

•068 

Exp. 

III,  27.  4 

'09. 

Temperature 

47-35°  C. 

T=--to 

1 

1799 

1825  1805 

1810 

1810  =  ^^0 

3-258 

— 

10 

1 

1220 

1313  1241 

1258 

1258 

3100 

•053 

13 

2 

1296 

1333  1343 

1324 

662 

2-821 

•073 

IG 

3 

1125 

1267  1261 

1218 

406 

2-608 

•072 

2G 

ho 

456 

717     783 

II 

75-2 

1-876 

•073 

32 

10 

247 

265     249 

253-7 

25-37 

1-404 

•074 

Mean     ^069 
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After  the  first  few  minutes  the  accordance  with  the  logjuithmic  law 
is  very  good,  but,  as  was  found  to  be  the  case  with  chemical  disinfectants, 
the  reaction  proceeds  more  rapidly  at  first  than  would  be  the  case  were 
the  rate  dependent  only  upon  the  concentration  of  surviving  bacteria. 


c3 
tJJD 
O 

k1 


Time,  minutes 
Fig.  12.     Disinfection  of  B.  paratyphosus  with  hot  water  (Table  XIV). 
(a)     Exp.  I  at  47-2°  C.         (6)     Exp.  II  at  47-2°  C.         (c)     Exp.   Ill  at  47-35°  C. 


{d)     Staphylococcus  pyogenes  albus  and  Staphylococcus  pyogenes  aureus. 

Staphylococcus  pyogenes  albus.  The  results  of  two  experiments  with 
Staphylococcus  albus  at  49°  C.  and  53*05°  C.  respectively  are  oiven  in 
Table  XV  and  Fig.  13  ;  they  show  fair  agreement  with  the  logarithmic 
law. 


a 


o 


Time,  minutes 
Fig.  13.     Disinfection  of  Staphylococcus  pyogenes  albus  with  hot  water  ^Table  XV). 
(a)     Exp.  I  at  53-05°  C.  (b)     Exp.  II.  at  49°  C. 
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From  analogy  with  other  species  one  would  expect  the  rate  ot 
disinfection  at  53^  C.  (Exp.  I)  to  be  greatly  in  excess  of  that  at  49°  C. 
(Exp.  II).  The  experiments  were  not  made  at  the  same  time,  and  it 
must  be  concluded  that  this  form,  like  Staphylococcus  pyogenes  aureus, 
is  very  variable  as  regards  its  resistance  to  disinfection  by  hot  water. 


TABLE   XV. 


Disinfection  of  Staphylococcus  pyogenes  alhus  with  hot  water. 


Exp. 

I,  10.  3. 

'09.      Temperature 

53-05°  C. 

Time, 

minutes 

=  t 

Amount 
of 

sample 
taken, 
drops 

Numbers 

counted 

on  plates 

(agar) 

Mean 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

mixture,  =N 

1 

^0          ^^n 

5  =  to 

2 

371     393     376 

380 

190  =  Nq 

2-279 

— 

6 

5 

386     501     459 

449 

89-8 

1-953 

•33 

8 

10 

60    88 

74 

7-4 

•869 

•47 

10 

10 

9     14 

11-5 

1-15 

•061 

Mean 

•44 

•41 

Exp. 

II,  12.  3. 

'09.      Temperature 

49"  C. 

2  =  ^0 

1 

575     513     599 

562 

562=-- No 

2-750 

— 

3 

1 

212     224     229 

222 

222 

2-346 

•40 

4 

1 

96      51      88 

78-3 

78-3 

1-894 

•43 

6 

1 

10     68 

39 

39 

1-591 

-29 

8 

5 

20       82       30 

44 

8-8 

•944 

•30 

10 

10 

39     31 

35 

3-5 

-544 

•28 

Moon 

'^1 

TABLE   XVI. 

Disinfection  of  Staphylococcus  pyogenes  aureus  with  hot  water  at  49*3°  C 


Exp. 

21.  5.  '09. 

(24  hours'  cul 

ture  from  i 

jtock  culture  44  c 

lays  old.) 

Time, 
minutes 

Amount 
of 

sample 
taken, 
drops 

Numbers 

counted 

on  plates 

(agar) 

Mean 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

mixture,  =N 

LogioiV 

K= 

=  t 

tn 

-^0       ^^. 

1  =  ^0 

1826     1904 

1865 

1865  =  A^o 

3-271 

— 

2 

1457 

1457 

1457 

3-163 

•108 

3 

929     1279 

1104 

1104 

3-043 

•114 

7 

517 

517 

517 

2-713 

•093 

10 

416      443 

429 

429 

2632 

•071 

15 

2 

283 

283 

141*5 

2-149 

Mean 

•080 

•093 

il.    (JlUCK 
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Staphylococcus  pt/ogenes  aureus.  On  exaiiiiiiaLion  of  Uio  results  of 
experiments  with  Staph ijlococc us  j)yogenes  aureus  (Tcibles  XVI  to  XIX 
and  Figs.  14  to  17),  it  is  seen  that  in  this  case  disinfection  by  hot  water 
conforms  to  no  constant  type.  In  almost  all  cases  the  latter  part  of  the 
disinfection  proceeds  logarithmically  (see  Exps.  I  and  II,  Table  XIX,  and 
Fig.  17,  which  are  concerned  with  the  course  of  disinfection  after  10 
minutes  and  16  minutes  respectively  have  elapsed),  but  the  time 
relations  of  the  disinfection  process  as  a  whole  present  great  variety 
among  which  three  distinct  types  can  be  distinguished : 


Time,  minutes 
Fig.  14.     Disinfection  of  Staphylococcus  pyogenes  aureus  with  hot  water 

at  49-3°  C.  (Table  XVI). 


Time,  minutes 

Fig.  15.     Disinfection  of  Staphylococcus  pyogenes  aureus  with  hot  water  (Table  XVII). 

(a)     Exp.  I  at  49-3°  C.  (b)     Exp.  II  at  49"  C. 
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TABLE    XVII. 


Disinfection  of  Staphylococcus  'pyogenes  aureus  ivith  hot  water. 


Exp. 

I,  13.  5.  ' 

09.     (24  hours'  cul 

ture  from  stock  culture  36  da;; 

fii  old.) 

Temp.  49-3°  C. 

Amount 

Mean  no.  of 

Time, 
minutes 

of 

sample 

taken, 

Numbers 
counted 
on  plates 

bacteria  present 

in  1  drop 

disinfection 

K  = 

'      log^« 

=  t 

drops 

(agar) 

Mean 

mixture,  —N 

Logjo  N 

\  =  t. 

2168  2522  2024 

2238 

2238  =  ^0 

3-350 

— 

2 

1698  1649  1516 

1621 

1621 

3-210 

•140 

3 

1105  1182  1119 

1135 

1135 

3055 

•147 

4 

1068  1343  1125 

1179 

1179 

3-072 

•093 

5 

971  1023  1082 

1025 

1025 

3-011 

•085 

7 

819 

819 

819 

2-913 

•073 

10 

2 

1372  1558  1619 

1516 

758 

2-880 

•052 

20 

3 

1320     1160 

1240 

413 

2-616 

•039 

30 

ho 

1101 

1388 

li 

146 

2-164 

-041 

Exp. 

II,  3.  6. 

'09.     (24  hours'  culture  from  stock  culture  13  days  old.) 

Temp.  49°  C. 

0-25  = 

fo      1 

912 

912 

912  =  i^o 

2-960 

— 

1-0 

525     570 

547 

547 

2-738 

•30 

2 

542     393 

467 

467 

2-669 

•17 

3 

224     108 

166 

166 

2-220 

•27 

4 

42     60 

51 

51 

1-708 

•33 

5 

2 

22     14     20 

18-66 

9-33 

•970 

•42 

Mean     ^30 


(1)  Disinfection  rate  is  throughout  approximately  proportional  to 
the  concentration  of  survivors  (Table  XVI),  and  a  straight  line  best 
expresses  the  relation  of  the  points  when  logarithms  of  survivors  are 
plotted  against  time  (Fig.  14). 

(2)  There  is  a  ''period  of  lag"  at  the  beginning  of  disinfection 
(see  Exp.  II,  Table  XVII,  and  Exps.  I,  II  and  III,  Table  XVIII,  where  the 
value  of  K  progressively  increases)  recalling  disinfection  of  this  species 
with  phenol ;  a  convex  curve  is  obtained  when  logarithms  of  concentra- 
tion of  survivors  are  plotted  against  time  (Fig.  15  6  and  Fig.  16). 

(3)  Disinfection  is  much  accelerated  at  the  beginning  and  becomes 
slower  afterwards  (see  Exp.  I,  Table  XVII,  where  the  value  of  K 
progressively  decreases) ;  a  concave  curve  is  obtained  when  logarithms 
of  concentration  of  survivors  are  plotted  against  time  (see  Fig.  15  a). 
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TABLE    XVIII. 

Disinfection  of  Staphylococcus  pyogenes  aureus  by  hot  tvater. 
(24  hours'  culture  from  very  young  stock  cultures.) 
Exp.  I,  24.  .1.  '10.     (24  hours'  culture  from  stock  culture  5  days  old.)     Temp.  48-9''  C. 


Time, 

minutes 

=  t 

Amount 
of 

sample 
taken, 
drops 

Numbers 

counted 

on  plates 

(gelatine) 

Mean 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

mixture,  =N 

Logjo  N 

1 

0-25  = 

^0      1 

1800  1790  1090 

1560 

1560  =  2^0 

3-193 

— 

2-0 

1 

1230  1330 

1280 

1280 

3-107 

c.or0491 

5 

2 

1890  1930  2010 

1940 

970 

2-987 

J||0434 

10 

2 

980     910 

945 

472-5 

2-674 

'^  •    (-0532 

20 

ho 

29 
52 

— 

4-8 

-681 

•127 

Exp. 

II,  24.  1. 

'10.     (24  hours'  culture  from  stock  culture  6  days  old.) 

Temp.  52 -9^0. 

0-25  = 

-h      1 

1230  1110  1180 

1170 

1170=:A^0 

3-068 

— 

1-0 

1 

990     840     810 

880 

880 

2-944 

•165 

2 

2 

1020    1270 

1145 

572 

2-757 

-176 

5 

1   6 

ao 

590 
1130      940 

-  ( 

—  t 

102 

2-009 

-223 

10 

10 

7      0        0 

2-3 

0-23 

--638 

•380 

Exp. 

III,  9.  2. 

'10.     (24  hours'  culture  from 

stock  culture  2  day 

s  old.) 

Temp.  52-6°  C. 

0-25 

1 

Lost 

1-0  =  1 

^0          1 

517    594 

555-5 

555-5  =  iVo 

2-745 

— 

2 

1 

353 

353 

353 

2-548 

«-c    fl^^ 

4 

2 

264     195 

229-5 

114-7 

2-060 

^)^\  -228 
^       1-243 

6 

5 

182     151     176 

169-7 

33-9 

1-530 

8 

ho 

29 
26 

i! 

3-1 

•491 

•322 

10 

20 

4 

4 

0-2 

--699 

-344 

The  reason^  for  this  irregularity  was  not  discovered,  it  is  possible 
that  the  cause  lies  in  the  variability  of  the  species  and  may  depend 
upon  the  special  character  of  the  stock  culture  from  which  the  24  hours' 
culture  was  prepared.     It  was  generally  true  that  disinfection  of  cultures 

^  The  suggestion  is  made  that  in  some  cases  these  irregularities  are  only  apparent, 
and  may  be  due  to  agglutinations,  taking  place  at  once  (type  3),  or  after  an  interval  of 
time  (type  2),  when  an  emulsion  of  the  bacteria  is  suspended  in  hot  water.  Cultures  of 
Staphylococcus  readily  agglutinate  when  suspensions  in  water  or  broth  are  heated  to 
temperatures  somewhat  higher  than  those  employed  in  the  present  experiments.  Attempts 
were  therefore  made  to  trace  microscopically  any  agglutination  that  might  occur,  but 
nothing  significant  could  be  detected.  It  is  however  certain  that  an  agglutination  which 
would  apparently  increase  the  rate  of  disinfection  three  or  four  times  (see  Tables  XVII 
and  XVIII)  would  be  very  insignificant  au4  almost  impossible  to  detect  with  the  microscope. 

Journ.  of  Hyg.   x  1^ 
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made  from  fresh  stock  cultures  (under  a  week  old)  was  of  the  2nd  type, 
while  that  of  material  obtained  from  older  stock  cultures  conformed  to 
the  1st  or  3rd  type. 
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Fig.  16.     Disinfection  of  Staphylococcus  pyogenes  aureus  with  hot  water  (Table  XVIII). 
(a)    Exp.  I  at  48-9°  C.  (0).      (6)    Exp.  II  at  52-9°  C.  (  +  ).       (c)    Exp.  Ill  at  52-6°  C.  (©). 


20  30  40 

Time,  minutes 

Fig.  17.     Disinfection  of  Staphylococcus  pyogenes  aureus  by  hot  water 
at  49-3°  C.  (Table  XIX). 

(a)     Exp.  I.  (h)     Exp.  II. 
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TABLE   XIX. 

Disinfection  of  Staph i/lococciis  pyogenes  aureus  with  hot  water  at  49*3''  C. 
Exr.  I,  8.  4.  '09.     (24  hours'  culture  from  stock  culture  11  days  old.) 


Time, 

minutes 

=  t 

Amount 
of 

sample 
taken, 
drops 

Numbers 

counted 

on  plates 

(agar) 

Mean 

Mean  no.  of 

bacteria  present 

in  1  drop 

disinfection 

mixture,  =N 

Log,oN       i^ 

1          1           ^0 

-i  ^""^w 

10  =  ^0 

1 

458     372     489 

439-7 

439-7  =  xV„ 

2-643 

— 

12 

1 

332     271     306 

303 

303 

2-481 

•081 

14 

2 

441     369     341 

384 

192 

2-283 

•090 

16-1 

3 

555     527     598 

560 

187 

2-272 

•061 

18 

5 
{  4 

821     788     755 
409 

788 
—  \ 

158 

2-199 

•055 

21 

<    5 
10 

598     608 
972 

=1 

107-8 

2-033 

•055 

25-25 

10 

450    488     666 

535 

53-5 

1-728 

Mean 

-060 

•067 

Exp. 

II,  14.  4 

.  '09.     (24  hours' 

culture  from  stock  culture  7  days  old.) 

16=  fo 

w 

1153     1243 
2109 

—  \ 

-] 

1126  =  ^0 

3051 

— 

20 

3 

2158  2207  2352 

2239 

746 

2-873 

•044 

25 

5 

1976  1846  1845 

1889 

378 

2-577 

•053 

30 

10 

1818  1837  1803 

1819 

181-9 

2-260 

•056 

40 

10 

305     412     373 

363 

36-3 

1-560 

•062 

Mean     -054 

Besides  a  general  want  of  consistency  in  the  character  of  the 
disinfection  process  itself,  the  average  velocity  of  disinfection  under 
apparently  similar  conditions  is  also  extremely  variable.  Great  diffi- 
culty in  obtaining  constancy  of  resistance  in  cultures  would  appear 
to  be  characteristic  of  work  with  Staphylococcus.  In  disinfection  by 
hot  water  it  was  unusual  to  obtain  the  same  result  twice,  unlooked- 
for  alterations  in  resistance  were  constantly  occurring,  for  which  the 
responsibility  was  not  satisfactorily  traced.  For  example,  Table  XVII, 
Experiment  II,  shows  a  value  of  the  velocity  constant  which  is  nearly 
three  times  that  of  the  average  in  Experiment  I,  and  four  to  live  times 
that  in  Experiments  I  and  II,  Table  XIX,  all  of  which  were  made  under 
almost  identical  conditions  as  regards  temperature. 

There  is  no  entirely  satisfactory  explanation  for  these  inconsistencies. 
As  mentioned  above,  I  find  that  the  previous  history  of  cultures  of 
Staphylococcus    modifies    very    considerably    their    behaviour    towards 
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disinfectants ;  in  the  case  of  disinfection  with  phenol,  difference  in 
temperature  of  incubation  had  an  unexpectedly  great  influence  upon 
the  resistance  of  the  bacteria  towards  phenol  (see  above,  p.  247).  It 
is  probable  that  it  also  modifies  its  resistance  to  hot  water. 

{e)    B.  pestis. 

The  results  of  one  experiment  with  B.  pestis  at  50°  C.  (Table  XX 
and  Fig.  18)  show  fair  agreement  with  the  logarithmic  law. 


TABLE 

XX. 

Disinfection  of  B.  pestis  with  hot  water 

at 

50° 

C. 

e,  minutes 
=  t 

No.  of  organisms 
in  5  drops  disinfec- 
tion mixture,  =N 

Logjo  N 

K= 

'     log-^» 

4-25  =  ^0 

9440  =  isro 

3-975 

— 

7-0 

6880 

3-838 

•050 

9-75 

6160 

3-790 

•034 

13-0 

4460 

3-649 

•037 

16-0 

3340 

3-524 

M( 

•038 

3an     -040 

Time,  minutes 


Fig.  18.     Disinfection  of  B.  pestis  with  hot  water  at  50°  C.  (Table  XX). 


(3)     Temperature  coefficient  of  disinfection  by  hot  water. 

B.  typhosus.  The  experiments  with  B.  typhosus  extended  over  a 
range  of  5°  C,  and  the  temperature  coefficient  of  disinfection  by  hot 
water  could  therefore  be  determined  with  some  accuracy  by  comparing 
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velocity  constants  of  two  comparable  disinfections  at  different  tempera- 
tures. In  Experiments  I  and  II,  Table  X,  the  mean  value  of  the 
velocity  constant  at  541°  C.  was  1'45,  while  that  corresponding  to  49^  C. 
was  0*111.  This  gives  an  increase  in  reaction  velocity  of  13"1  times 
for  5°  C.  rise  in  temperature,  i.e.  1*67  times  per  1°  C,  and  about  170 
times  per  10°  C.  rise  in  temperature,  if  the  temperature  effect  is 
assumed  to  be  consistent. 

To  ascertain  the  truth  or  otherwise  of  this  assumption  and  for  purposes 
of  comparison,  some  additional  experiments  were  made  with  B.  typhosus^ 
using  an  end-point  method  (see  H.  C.  1908,  p.  118).  Test  tubes  con- 
taining 5  c.c.  of  distilled  water  and  fitted  with  standardised  capillary 
pipettes  were  placed  in  thermostats  maintained  at  different  temperatures 
and  sown  with  a  small  quantity  (5  standard  drops=0*l  c.c.)  from  a  24  hours' 
culture  of  B.  typhosus.  From  time  to  time  samples  (4  drops  =  0"08  c.c.) 
were  withdrawn  by  means  of  the  capillary  pipette  and  added  to  tubes 
of  glucose  broth,  which  were  then  incubated.  The  time  necessary  for 
complete  disinfection  was  taken  as  the  mean  between  that  of  the  last 
positive  and  first  negative  test  culture.  These  times  of  "complete 
disinfection  "  strictly  mean  the  time  taken  for  an  initial  concentration 
of  about  5,000,000  bacteria  per  c.c.  to  be  reduced  to  less  than  12  per  c.c, 
i.e.  till  there  may  not  be  one  living  bacteria  present  in  the  sample  taken, 
0-08  c.c. 

The  results  of  two  experiments  (Table  XXI)  are  consistent  one  with 
the  other.  A  logarithmic  relation  was  found  to  express  the  effect  of 
temperature  upon  disinfection  velocity,  as  was  expected  from  analogy 
with  other  cases  of  disinfection  which  have  been  investigated.  Logarithms 
of  times  taken  for  disinfection  (reciprocals  of  mean  reaction  velocity) 
were  found  to  be  proportional  to  the  differences  of  temperature,  and, 
when  plotted  one  against  the  other,  gave  approximately  a  straight  line, 
see  Fig.  19. 

Whether  rise  of  temperature  affects  the  velocity  of  disinfection  by 
hot  water  in  a  simple  logarithmic  manner  or  in  accordance  with  the 
Law  of  Arrhenius,  it  is  impossible  to  say,  for  within  a  small  range  of 
temperature  the  two  become  almost  identical.  The  somewhat  rough 
experimental  method  could  not  be  expected  to  give  very  strict  mathe- 
matical agreement  with  either,  though  as  a  matter  of  fact  satisfactory 
agreement  with  both  is  obtained  (see  also  temperature  coefficient  of 
disinfection  with  disinfectants,  H.  C.  1908,  p.  153). 

In  any  case  the  effect  of  temperature  upon  disinfection  with  hot 
water  is  seen  to  be  consistent  and  very  great.     From  Table  XXI  the  mean 
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value  1*60  is  obtained  as  temperature  coefficient  per  1°C.  From  the 
slope  of  the  smoothed  curve  in  Fig.  19  it  is  seen  that  a  rise  of  10°  C.  in 
temperature  from  49°  C.  to  59°  C.  indicates  an  increase  of  2*00  in  the 
logarithms  of  the  times  taken,  i.e.  an  increase  in  the  mean  velocity  of 
disinfection  of  100  times,  or  l'o8  times  for  1°  C.  These  values  are  in 
fair  agreement  with  that  obtained  by  comparing  velocity  constants,  viz. 
1-67  per  l°a 


Temperature,  degrees  centigrade 

Fig.  19.     Effect  of  different  temperatures  upon  disinfection  of  B.  typhosus 

by  hot  water  (Table  XXI). 


TABLE   XXI. 


Temperature  coefficient  of  disiyifection  of  B.  typhosus  with  hot  water 

{end-point  method). 

Logio 

(temperature  Temperature 
coefficient        coefficient 
forl°C.)  perl°C. 


Temp, 
of  exp., 

Time 
taken  for 
disinfection*, 
minutes  =  f 

Logio  t 

Exp.  I,  10.  G.  '09 

59 

1-26 

•100. 

54 

22-5 

1-352 

49 

196 

2-292^ 

Exp.  II,  4.  6.  '09 

57 

7-5 

•875 

52-1 

53 

1-7241 

-250 
-188 

•173 


1-78 
1-54 

1-46 


Mean     1  -60 
*  Strictly  speaking,  reduction  of  about  5,000,000  per  c.c.  to  less  than  about  12  per  c.c. 
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B.  coll  commune  and  Staphylococcus  pyogenes  aureus. 

In  the  preceding  experiments  with  B.  coli  commune  and  Staph,  py. 
aur.  there  are  a  few  sets  which  can  be  used  for  calculation  of  the  tempera- 
ture coefficient  of  disinfection  by  hot  water,  assuming  the  effect  of 
temperature  to  be  consistent  and  in  accordance  with  a  logarithmic  law. 
These  are  collected  in  Table  XXII.  Both  species  are  extremely  variable, 
and  it  is  necessary,  even  more  than  was  the  case  with  B.  typhosus,  that 
for  comparison  of  disinfection  rate  at  different  temperatures  the  experi- 
ments should  be  carried  out  on  the  same  day,  with  the  same  material, 
etc.  In  Table  XXII,  for  example,  it  will  be  seen  that  whereas  on  two 
occasions  velocity  constants  obtained  for  the  disinfection  of  B.  coli  at 
practically  the  same  temperatures  are  very  different,  the  temperature 
coefficients  reckoned  from  them  are  very  similar,  1"23  and  1"32  per  l^'C. 

TABLE   XXII. 

Temperature  coefficient  of  disinfection  hy  hot  water^  B.  coli  commune 
and  Staphylococcus  pyogenes  aureus. 

Difference       Mean  value  Temp. 

Temp.,        in  temp.,         of  velocity         coefficient 
Organism  °  C.  °  C.  constant,  K       per  1°  C. 

Exp.  15.  2.  '10      B.  coli  commune  48*9  o.o  *172  -  ^o 

(Table  XII)  ,,  52-7'  '381 

Exp.  26.  2.  '10       B.  coli  commune  49  „  -  "0424  ^^^ 

(Table  XIII)  „  52-5  -111 

Exp.  24.  1. '10       Staph,  py.  aur.  48-9  '0486  ^^^^ 

(Table  XVIII)  ,,  52-9  -188 

The  temperature  coefficient  of  disinfection  with  hot  water  consider- 
ably exceeds  that  of  disinfection  by  other  means.  Disinfection  of 
B.  paratyphosus  with  phenol  and  other  coal-tar  disinfectants  was  found 
to  have  a  temperature  coefficient  of  10  per  lO^C.  under  certain  conditions, 
while  with  metallic  salts  the  figure  was  very  much  lower  and  approximated 
to  that  usually  obtaining  in  chemical  reactions.  Disinfection  by  drying 
has  also  a  low  temperature  coefficient,  viz.  2  to  3  for  10°  C.  (Paul,  1909 
and  Paul,  Birstein  and  Reuss,  1910).  In  the  case  of  disinfection  by  hot 
water  we  have  figures  ranging  from  about  136  per  10°  C.  (1'635  per 
1°  C,  if  we  take  the  mean  of  the  values  obtained  by  the  two  different 
methods)  in  case  of  B.  typhosus,  to  29  per  10°  C.  (1-40  per  1°  C.)  in  case 
of  Staphylococcus  and  12  per  10°  C.  (1-28  per  1°  C.)  in  case  of  B.  coli. 
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The  figures  in  cases  like  that  of  B.  coli  and  Staph,  py.  aur.,  where 
data  are  scanty,  must  only  be  considered  approximate.  The  high 
temperature  coefficient  makes  experiment  impossible  except  over  a  very 
small  range  of  temperature,  and  one  can  only  obtain  the  effect  for  10°  C. 
by  calculation ;  a  small  error,  therefore,  in  the  value  obtained  for  1°  C. 
will  lead  to  a  large  one  when  this  value  is  raised  to  the  10th  power  to 
obtain  the  value  for  10°  C.  rise  in  temperature. 


(4)     Influence  of  acids  and  alkalis. 

The  influence  of  reaction  upon  disinfection  by  hot  water  was  noticed 
in  the  course  of  some  experiments  in  which  a  suspension  of  B.  typhosus 
in  broth  was  the  material  used  for  investigation.  The  experiments 
were  made  in  order  to  obtain  information  which  might  be  of  service  in 
the  manufacture  of  vaccines.  The  temperature  was  54°  C.  The  method 
of  experiment  was  exactly  as  in  the  preceding  experiments,  except  that, 
in  place  of  distilled  water,  the  bacteria  were  suspended  in  broth  in 
which  the  same  species  had  grown  for  40  hours  at  37°  C.  and  which 
had  been  sterilised  by  filtration  through  a  Berkefeld  filter. 

Disinfection  was  logarithmic,  but  the  rate  was  much  slower  than  in 

distilled  water  under  the  same  conditions.    This  was  found  to  be  due  to 

the  slight  alkalinity  of  the  broth.     On  addition  of  a  small  quantity  of  acid 

N         .       . 
(0*25  c.c.  —  acetic  acid  to  20  c.c.  broth)  up  to  neutralisation  point  (litmus), 

the  rate  of  disinfection  was  increased  about  8  times,  see  Table  XXIII, 

Experiments  of  22.  7.  '09  and  Fig.  20.     A  small  extra  amount  of  acid, 

N 
too  small  to  exert  any  disinfectant  action  of  itself^  (in  all  0*5  c.c.  ^ 

acetic  acid  added  to  20  c.c.  broth),  rendered  disinfection  so  quick  that 
its  rate  could  not  be  measured,  see  Table  XXIV,  Experiment  II. 
In    this    case,    the    value    of    the    velocity    constant    of    disinfection 

1  Acetic  acid  in  the  presence  of  1%  peptone  has  been  shown  to  exert  a  disinfectant 

N 
action  upon  B.  coli  commune  at  and  above  a  concentration  of  z-y  (Winslow  and  Lockridge, 

N 
1906).     B.  typhosus  is  probably  more  susceptible,  but  in  the  above  case  (0*25  c.c.  zr-  acetic 

acid  to  20 "25 c.c.  neutralised  broth)  it  is  likely  that  the  acidity  of  the  medium  fell  far  short  of 

N 

r^.  The  broth  contained  besides  l^o  peptone,  a  considerable  proportion  of  meat  extrac- 
tives, which  also,  by  combining  with  the  acid  added,  would  tend  to  further  reduce  the 
concentration  of  free  acid  in  the  medium. 
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TABLE   XXITI. 

Effect  of  small  differences  in  reaction  upon  the  disinfection  of 
B.   typhosus  in  broth  at  54"1°  C. 

Exp.  I,  22.  7.  '09.     Medium  =  filtered  culture  (40  hrs.  at  '^T  C.)  of  li.  typhosm. 


Time, 

minutes 

=  t 
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^0      1 

279G  2888  2954 

2879 

2879  =  iVo 

3-459 

— 

1-07 

1 
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l20 

20     20 
25 
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1-62 

•209 
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•34 

•34 

Exp.   II,    22.    7.    '09.     Medium  =  neutralised   filtered   culture  (40   hrs.  at   37°  C.)    of 


N 


B.    typhosus  (10  drops  =  0-25  c.c.  —  acetic  acid  added  to  20  c.c.  broth). 
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Fig.  20.     Effect  of  reaction  upon  disinfection  of  B.  typhosus  in  broth 
at  54-1°  C.   (Table  XXIII). 
(a)     Exp.  I,  broth  slightly  alkaline. 
(6)     Exp.  II,  broth  made  just  neutral  (litmus)  with  acetic  acid. 
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in  the  original  broth  was  0*44 ;  in  the  faintly  acid  broth,  where 
about  3000  organisms  per  drop  were  reduced  to  less  than  1  per  drop  in 
15  seconds,  the  value  of  the  velocity  constant  was  more  than  17-6, 
i.e.  more  than  40  times  as  great  as  in  the  original. 


TABLE   XXIV. 

Effect  of  small  differences  in  reaction  upon  the  disinfection  of 
B.  typhosus  in  broth  at  54°  C. 

Exp.  I,  24.  7.  '09.     Medium  =  filtered  culture  (40  hrs.  at  37°  C.)  B.  typhosus. 
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bacteria  present 
in  1  drop 
disinfection 
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243 
118 
9-9 

0-125 


Logjo  N 
3-462 
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Mean     -44 


Exp.  II,  24.  7.  '09.     Medium  =  filtered  culture  (40  hrs.  at  37°  C.)  B.  typhosus +  20  drops 

N 
(0-5  c.c.)  Y  acetic  acid  to  20  c.c.  broth. 

0        0        0  —  —  —  More  than 


17-6* 


0-25  =  «o      1  0        0 

0-67  3  0        C 

*  In  Exp.  II,  disinfection  after  0*25  minutes  is  more  complete  than  after  10-27  minutes 

in  Exp.  I,  i.e.  disinfection  rate  is  more  than  40  times  that  of  Exp.  I,  iir=more  than  17-6. 

For  the  sake  of  comparison  with  the  above  experiments  were  made 
to  investio-ate  the  influence  of  reaction  upon  disinfection  in  distilled 
water.  In  Tables  XXV  and  XXVI  are  set  forth  the  results  of  two 
comparable  sets  of  experiments,  in  which  B.  typhosus  was  heated  at 
54°  C.  in  water  to  which  were  added  various  small  amounts  of  acid^ 
and  alkali  insufficient  in  themselves  to  exert  a  disinfectant  action. 
The  smallest  amounts  which  were  employed  were  sufficient  to  render 
the  solutions  acid  or  alkaline  to  the  extent  of  yoVo^^  ^  respectively. 
In  the  case  in  which  alkali  was  added,  the  solution  was  just  alkaline 
to  phenol  phthalein.     These  small  amounts  were  not  without  effect 

1  Death  rate  at  20°  C.  of  B.  typhosus  suspended  in  water  containing  a  concentration  of 

N 
H2S04=  -^  was  found  to  be  insignificant.     Disinfection  by  H2SO4  may  be  assumed  to  have 

a  low  temperature  coefficient  from  analogy  with  other  mineral  disinfectants. 


H.  Chick 


275 


upon  the  rate  of  disinfection  by  hot  water,  which  in  tlie  case  of  alkali  was 
increased  about  1'5  to  2"0  times,  and  in  the  case  of  acid  5  to  7  times. 
On  further  addition  of  acid  disinfection  became  too  quick  to  study,  whereas 
the  increase  in  rate  on  adding  more  alkali  was  comparatively  slight. 

It  therefore  follows  that,  in  the  preparation  of  vaccines,  no  conclusion 
drawn  from  one  set  of  experiments  can  be  usefully  applied  to  another 
set,  unless  the  composition  and  reaction  of  the  medium,  in  which  the 
bacteria  are  heated,  be  kept  strictly  constant.  This  is  almost  impossible 
for,  in  the  case  of  broth  cultures,  the  reaction  of  the  broth  will,  within 
small  limits,  depend  upon  the  extent  of  the  growth  of  organisms.  It  is 
not  possible  to  control  this,  and  small  differences  arising  therefrom  will 
have  a  very  significant  influence  upon  the  rate  of  destruction  by  heat  of 
the  organisms  suspended  in  the  medium. 


TABLE   XXV. 

Effect  of  small  amount  of  acid  and  alkali  upon  disinfection  of 
B.  typhosus  in  distilled  water  at  54°  C. 
Exp.  4.  8.  '09.     Distilled  water. 
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Just  alkaline  to  phenolpbthalein. 
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TABLE   XXVI. 


Effect  of  small  amount  of  acid  and  alkali  upon  disinfection  of 
B.   typhosus  in  distilled  water  at  52°  C. 


Exp.  I,  19.  8.  '09.     Distilled  water. 
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Exp.  II.     r—  alkaline  (NaOH)*. 
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Exp.  III.     --^  alkaline  (NaOH). 
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Exp.  IV. 
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Exp.  V. 
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Exp.  VI.     Distilled  water. 
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Exp.  VII. 
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(5)     Analogy  between  the  disinfection  of  bacteria  by  hot  water  and  the 

"  heat  coagulation  "  of  j^roteins. 

The  disinfection  of  bacteria  by  heat  in  presence  of  water  exhibits  a 
striking  analogy  with  the  behaviour  of  some  proteins  under  similar  condi- 
tions, and  leads  to  the  inference  that  disinfection  of  bacteria  by  this 
means  is  due  to  hydration  of  their  constituent  proteins. 

The  suggestion  has  already  been  made  that  the  difference  in 
resistance  to  heat  of  vegetative  and  sporing  forms  is  caused  by  the 
difference  in  the  readiness  with  which  their  respective  proteins  are 
coagulated  (Lewith,  1890,  Hewlett,  loc.  cit.  p.  20).  Lewith  (p.  349) 
adduces  some  experimental  support  for  the  view  that  this  difference  is 
to  be  attributed  to  a  diminution  in  the  water-content  of  spores.  That 
coagulation  is  not  a  pure  temperature  effect  is  clear  from  the  comparative 
security  of  both  bacterial  spores  and  proteins  at  high  temperatures  in 
the  absence  of  water. 

The  analogy  takes  a  more  definite  shape  when  the  foregoing  experi- 
ments with  bacteria  are  compared  with  some  recent  work  on  the 
alteration  of  proteins  by  hot  water. 

Famulener  and  Madsen  (1908)  found  that  the  destruction  of  three 
antigens  when  heated  in  the  presence  of  water  proceeded  logarithmically 
and  that  the  process  had  a  very  high  temperature  coefficient,  being 
about  2  for  a  rise  in  temperature  of  l^'O.  A  similar  set  of  results 
have  been  obtained  by  Madsen  and  Streng  (1909)  for  a  series  of 
agglutinins. 

The  "  heat  coagulation  of"  two  pure  crystallised  proteins,  haemoglobin 
and  egg-albumen,  has  recently  been  shown  (Chick  and  Martin,  1910)  to 
be  an  orderly  time-process,  the  rate  of  which  varies  with  alteration  of 
temperature,  reaction  and  other  conditions.  In  the  case  of  haemoglobin 
coagulation  takes  place  logarithmically,  the  coagulation  rate  at  any 
moment  being  proportional  to  the  concentration  of  uncoagulated 
protein.  In  the  case  of  crystallised  egg-albumen  the  reaction  is  of  a 
higher  order,  as  the  crystals  consist  of  a  series  of  salts  of  protein  with 
the  acid  used  in  their  preparation,  which  salts  coagulate  at  different  rates. 
The  effect  of  temperature  upon  the  rate  of  reaction  was  found  to  be 
unusually  great,  the  temperature  coefficient  in  the  case  of  haemoglobin 
being  1*3  per  degree  centigrade,  and,  in  the  case  of  egg-albumen,  1'91 
per  degree  centigrade. 
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These  observations  on  proteins  show  that  it  is  improper  to  speak  of 
a  protein  as  having  a  definite  "coagulation  temperature  ";  for  the  same 
reason,  it  is  no  longer  permissible  to  talk  of  the  "  thermal  death-point" 
of  any  particular  species  of  bacteria.  It  is  in  both  cases  the  possession 
of  exceedingly  high  temperature  coefficients  which  have  rendered 
observation  of  these  supposed  constants  of  any  practical  value.  This 
will  be  clear  from  some  such  example  as  the  following.  In  the  case  ot 
disinfection  of  B.  typhosus  with  hot  water,  the  temperature  coefficient 
has  been  determined  to  be  1"635  for  1°  C.  rise  in  temperature.  From  the 
value  of  velocity  constant  in  Table  X,  O'lll,  it  can  be  calculated  that  a 
suspension  of  B.  typhosus,  containing  100,000  bacteria  per  c.c,  would  be 
disinfected  (the  number  reduced  to  less  than  1,  an  average  of  0*5,  per  c.c.) 
in  48  minutes  at  49°  C.  From  the  above  value  of  the  temperature  co- 
efficient it  can  be  calculated  that  the  disinfection  would  take  about  2  hours 
at  47°,  18  minutes  at  51°  C,  7  minutes  at  53°,  2J  minutes  at  55°  and  21 
seconds  at  59°.  If,  therefore,  a  suspension  of  B.  typhosus  in  water  were 
gradually  heated  up,  death  would  apparently  take  place  suddenly  at  a 
temperature  near  55°  C,  and  it  is  easy  to  understand  how  some  such 
temperature  should  come  to  be  regarded  as  the  "  thermal  death-point " 
for  this  species. 

Another  point  of  analogy  between  the  "  heat  coagulation "  of 
proteins  and  disinfection  of  bacteria  by  hot  water  is  that  both  processes 
are  similarly  affected  by  the  presence  of  minute  quantities  of  acid,  the 
rate  being  greatly  increased  in  each  case. 

The  striking  similarity  between  the  effects  of  temperature  (dry)  on 
the  one  hand,  and  hot  water  on  the  other  indicate  that  disinfection  by 
the  latter  is  due  to  the  action  of  water  (coagulation  or  alteration)  upon 
some  one  protein  which  is  essential  for  the  life  of  the  bacterium,  and 
that  the  character  of  the  reaction  is  conditioned  by  the  chemical  action 
of  water  upon  its  constituent  proteins. 

(6)     Summary  of  Section  III. 

1.  (a)  In  the  case  of  B.  typhosus,  B.  coli  commune,  and  B.  pestis 
disinfection  with  hot  water  also  proceeds  according  to  a  logarithmic 
law,  the  rate  of  disinfection  at  any  moment  being  proportional  to  the 
concentration  of  surviving  bacteria. 

(b)  In  the  case  of  B.  paratyphosus  the  rate  of  disinfection  at  the 
beginning  of  the  experiments  was  in  excess  of  the  theoretical,  but  in  the 
course  of  a  few  minutes  slowed  down  to  a  consistent  rate.     The  same 
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phenomenon  had  previously  been  observed  in  disinfection  of  this  species 
with  phenol  and  other  disinfectants. 

(c)  In  the  case  of  Sta'phf/lococcus  there  was  the  greatest  variability 
in  the  character  of  the  disinfection  process,  which  in  some  cases  conformed 
to  the  ideal  type  (anthrax  spores  or  B.  typhosus),  in  others  to  that  of 
B.  paratyphosus,  while  in  others  again  there  was  a  period  of  "lag"  at 
the  beginning  of  disinfection  recalling  disinfection  of  Staphylococcus 
with  phenol.  Further  complications  were  introduced  by  the  lack  of 
constancy  in  resistance  to  disinfecting  agents  which  is  characteristic  of 
this  species. 

2.  The  effect  of  difference  in  temperature  upon  rate  of  disinfection 
by  hot  water  has  been  shown  to  be  consistent  throughout  the  small 
range  investigated  and  in  accordance  with  the  law  of  Arrhenius,  or  some 
similar  logarithmic  law.  The  temperature  coefficient  has  been  deter- 
mined in  some  cases,  and  in  that  of  B.  typhosus  reaches  the  high  figure 
of  1*635  per  1°  C,  or  13G  per  10°  C.  In  the  case  of  B.  coli  commune  3ind 
Staphylococcus  pyogenics  aureus,  the  temperature  coefficient  was  not 
studied  with  the  same  completeness  but,  from  the  few  observations 
made,  appears  to  be  1'28  and  1*4  respectively  per  degree  centigrade. 

The  high  temperature  coefficient  is  comparable  to  that  obtained  for 
precipitation  of  proteins  with  hot  water,  and  supports  the  view  that 
disinfection  of  bacteria  by  this  means  is  due  to  "  heat  coagulation  "  of 
their  constituent  proteins. 

3.  The  presence  of  minute  quantities  of  acid  or  alkali  too  small  to 
produce  any  direct  disinfectant  action  has  a  very  marked  influence  upon 
disinfection  by  hot  water.  In  both  cases  the  rate  of  disinfection  is  in- 
creased, but  in  the  case  of  acid  to  a  much  greater  extent.  Whereas, 
in  the  case  of  B.  typhosus,  the  addition  to  distilled  water  of  sufficient 

N 
alkali  to  render  the  solution  >^         alkaline  increased  the  mean  rate  of 

disinfection  at  54°  C.  about  1*5-  to  2-fold,  a  similar  addition  of  acid  in- 
creased it  5-  to  7-fold.  Further  addition  of  alkali  influenced  the  disin- 
fection-rate comparatively  little  ;  with  further  addition  of  acid  it  became 
too  rapid  for  study.  This  presents  a  close  analogy  with  the  influence  of 
small  quantities  of  acid  upon  "  heat  coagulation  "  of  proteins. 

4.  The  effect  of  reaction  was  of  the  same  order  when  suspensions 
of  bacteria  in  broth  were  substituted  for  those  in  water.  For  this 
reason  it  is  impossible  to  obtain  standard  conditions  in  the  manufacture 
of  vaccines,  as  owing  to  the  growth  of  the  bacteria  it  is  impossible  to 
control  the  reaction  of  the  broth. 
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TV.    Disinfectant  action  of  sunlight  and  drying. 

Sunlight  The  only  suitable  data  upon  this  subject,  which  are 
available,  are  the  results  of  some  experiments  by  Clark  and  Gage  (1903) 
in  which  the  disinfectant  action  of  sunlight  was  quantitatively  studied 
upon  B.  typhosus  and  B.  coli  commune  suspended  in  water.  Most  of  the 
experiments  give  irregular  results  from  which  no  conclusion  can  be 
drawn.  In  Table  XXVII,  however,  are  set  forth  the  results  of  one  experi- 
ment with  B.  coli  which  gives  consistent  results  and  which  well  repays 
analysis.    The  concentration  of  survivors,  determined  from  time  to  time 
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Fig.  21. 


Time,  minutes 

Disinfection  of  B.  coli  commune  by  sunlight,  results  of  Clark  and 
Gage  (1903),  Table  XXVII. 


TABLE   XXVII. 


Disinfectant  action  of  sunlight  upon  B.  coli  coTnmune, 
(Clark  and  Gage,  Thirty-fourth  Annual  Report,  State  Board  of  Health,  Massachusetts,  1903. 


Time, 

Concentration  of 

minutes 

surviving  bacteria. 

=  t 

numbers  per  c 

.c.=^ 

Logio  C 

0  =  to 

71400  = 

=  ^0 

4-854 

15 

12365 

4-092 

30 

3568 

3-566 

45 

1065 

3-027 

60 

295 

2-470 

t„  —  t( 


K= 

log 


^0 


•051 
-043 
-041 
-040 


Mean     -044 


Tl.    (^IITOK  2S1 

by  means  of  {)lato  cultuies,  is  seen  to  vaiy  loi^aiillmiically  with  tiriio, 
the  value  of  the  vclocit}'  corih^tarit,  K,  reniaiii.s  fairly  constarjt  in  vahie, 
and  a  straight  line  is  obtained  when  logarithms  of  concentration  <;f 
survivors  are  plotted  against  time,  see  Fig.  21. 

It  is  not  justifiable  to  draw  a  definite  conclusion  from  such  scanty 
data,  but  it  is  inore  than  probable,  judging  from  analogy,  that  the  proces.s 
of  disinfection  by  sunlight  will  be  found  to  fall  in  line  with  that  experi- 
mentally established  for  other  agents. 

Drying.  In  a  preliminary  examination  of  the  suitability  of  the 
garnet^  method  for  investigating  the  action  of  disinfectants  upon 
Staphi/lococcics,  Paul  and  Prall  (1907)  allowed  garnets,  coated  with  a 
thin  dry  film  of  this  species,  to  remain  at  various  temperatures  and 
counted  the  surviving  bacteria  from  time  to  time.  At  the  temperature 
of  liquid  air  the  number  of  living  bacteria  remained  roughly  constant 
for  many  weeks,  at  ordinary  temperature  the  number  slowly  decreased. 
Paul  (1909)  has  recently  analysed  these  data  and  shown  that  death — in 
this  instance  by  drying — occurs  in  accordance  with  a  logarithmic  law  and 
that  the  temperature  coefhcient  for  the  process  is  about  2 — 3  for  10^  C. 
rise  in  temperature  (see  also  Paul,  Birstein  and  Keuss,  1910). 


V.    Summary  and  General  Conclusions. 

1.  The  additional  experimental  evidence  brought  forward  in  the 
present  paper  lends  further  support  to  the  view  already  put  forward 
(1908)  that  disinfection  is  an  orderly  time-process,  which  may  be  con- 
sidered analogous  with  a  chemical  reaction,  viz.  a  reaction  between  the 
bacterium  on  the  one  hand,  and  the  disinfectant  on  the  other.  In  the 
ideal  case  disinfection  proceeds  in  accordance  with  some  rule  analogous 
to  the  Mass  Law,  so  that  if  the  disinfectant  is  present  in  large  excess, 
disinfection  rate  at  any  moment  is  proportional  to  the  concentration  of 

the  bacteria  (  —    ,    =  Kn,  where  n  is  the  concentration  of  bacteria  at 
V      at 

the  time  t,  and  K  is  a  constant  depending  on  the  temperature,  concen- 
tration of  disinfectant,  etc.). 

2.  The  above  view  was  originally  put  forward  on  the  basis  of 
experiments  with  anthrax  spores  and  B.  paratf/phosas,  using  a  series  of 

1  Kronig  and  Taul  (1897). 
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different  disinfectants  (H.  C.  1908).  In  the  present  paper  the  results 
of  further  experiments  with  phenol  are  given  in  confirmation,  viz.  with 
B.  typhosus,  B.  coli  commune  and  Staphylococcus  pyogenes  aureus. 

3.  Disinfection  with  phenol  and  other  disinfectants  has  already 
(loc.cit.)  been  shown  to  be  influenced  by  temperature  in  accordance  with 
the  Law  of  Arrhenius.  The  effect  upon  disinfection  rate  of  alteration  in 
concentration  of  disinfectant  {loc.  cit.  p.  117,  and  H.  E.  Watson,  1908)  is 
also  in  accord  with  the  view  expressed  in  1. 

4.  Further  confirmation  has  been  obtained  from  the  case  of  destruc- 
tion of  bacteria  by  hot  water  between  the  temperatures  of  45°  C.  and 
55°  C.  Investigations  on  this  subject  are  described  in  the  present  paper, 
and  a  very  impressive  parallel  shown  to  exist  between  this  case  of  dis- 
infection and  the  heat  coagulation  of  proteins.  Both  are  consistent  time- 
processes  proceeding  in  uncomplicated  cases  in  accordance  with  the  Mass 
Law,  influenced  consistently  by  change  of  temperature  in  agreement 
with  the  Law  of  Arrhenius,  and  both  possessing  an  extraordinarily  high 
temperature  coefficient.  Botli  are  similarly  influenced  by  addition  of 
minute  quantities  of  acid. 

The  organisms  worked  with  were  B.  typhosus,  B.  coli  commune,  B.  para- 
typhosus,  Staphylococcus  pyogenes  aureus  and  B.  pestis. 

5.  Disinfection  by  drying  (Paul,  1909)  and,  as  far  as  can  be  judged 
from  very  scanty  data  (Clark  and  Gage,  1908),  by  sunlight  fall  into  line 
with  the  other  cases  of  disinfection  which  have  been  investigated. 


The  facts  relating  to  the  disinfection  process  have  not  been  ques- 
tioned, but  some  amount  of  criticism  has  been  aroused  by  the 
explanation  which  has  been  suggested  on  the  following  lines. 

As  regards  disinfection  (whether  by  "  disinfectants,"  hot  water, 
sunlight,  drying)  a  culture  of  bacteria  consists  of  a  uniform  population. 
The  fact  that  the  individuals  do  not  die  all  at  once  but  at  a  rate  pro- 
portional to  the  concentration  of  the  survivors  at  a  given  moment  is 
to  be  attributed  to  temporary  and  rhythmical  changes  in  resistance 
which,  by  analogy  with  chemical  processes,  may  be  supposed  to  be  due 
to  temporary  energy  changes  of  the  constituent  proteins. 

This  simple  law  has  been  found  to  express  the  relation  of  mortality 
to  time  for  the  germicidal  action  of  chemical  disinfectants  and  heat 
upon  anthrax  spores  and  very  closely,  in  my  experiments,  upon 
B.  typhosus,  B.  coli  and  Staphylococcus  (phenol).  The  deviation  or 
departure  from  the  law,  most  marked  in  the  case  of  B.  paratypliosus, 
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has  in  my  experience  always  been  in  one  direction  \  viz.  tlu;  rate  of 
destruction  falls  more  (|uickly  than  would  be  accounted  for  by  the 
change  in  concentration  of  survivors  alone.  Here  too,  I  believe  the  rate 
to  be  determined  by  concentration  but  to  be  complicated  by  the 
individual  bacteria  possessing  more  or  less  permanent  differences  in 
resistance. 

Hewlett  (loc.  cit.)  and  Reichel  (1909,  p.  152)  consider  that  the 
progressive  nature  of  disinfection  can  be  more  naturally  explained  by 
supposing  it  to  be  due  to  differences  in  resistance  occurring  among  the 
various  bacteria^  If  such  were  the  case,  disinfection  would  certainly  be 
gradual  and  not  sudden,  but  the  rate  would  only  be  proportional  to  the 
concentration  of  survivors  if  the  different  resistances  were  allotted 
according  to  one  definite  arrangement,  an  arrangement  which  could 
only  occur  as  a  remote  coincidence,  and  could  hardly  be  universally 
present.  For,  suppose  that  the  disinfection  of  100,000  bacteria  is  in 
question,  that  the  survivors  vary  logarithmically  with  time,  as  in 
the  ideal  case  of  disinfection,  and  that  for  the  sake  of  argument  the 

rate  happens  to  be  a  reduction  to  — th  in  each  minute, 
10,000  =  -J  of  100,000,  survive  after  1  minute, 

1000  =  Y^o{  10,000,  \vill  survive  after  2  minutes,  and 

100  =  fT:  of  1000,  will  surviv^e  after  3  minutes, 

10  =  — ^  of  100,  will  survive  after  4  minutes,  and  so  on. 

If  the  cause  of  this  is  to  be  sought  in  the  possession  by  the  bacteria 
of  different  individual  resistances  to  disinfection  we  should  have  to 
suppose  that  these  resistances  had  the  following  distribution  among 
the  100,000  bacteria,  viz.  that 

90,000  take  1  minute  to  kill, 
9000  take  2  minutes  to  kill, 
900  take  3  minutes  to  kill, 
90  take  4  minutes  to  kill,  and  so  on. 

^  Cases  in  which  departure  from  the  logarithmic  law  is  in  tlie  direction  of  preliminary 
lag  may  be  explained  by  supposing  it  to  be  due  to  a  delay  in  the  disinfectant  getting  to 
work ;  after  such  delay  disinfection  usuallj^  proceeds  in  the  ideal  way,  disinfection  being 
proportional  to  the  concentration  of  survivors  (see  disinfection  of  Staphylococcus,  p.  244K 

2  A  similar  view  was  expressed  by  Bellei  (1904). 
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Or,  in  the  general  case,  if  N  bacteria  die  logarithmically,  and  if 
-  of  iV  survive  1   minute,  then 

X 

—  N  will  survive  2  minutes, 

x^ 

—  N  will  survive  3  minutes,  and  so  on, 

and  the  resistance  of  the  various  individuals  will  be  so  distributed  that 
there  are  present 

N            (x—\). 
N ,  or  N-' ,  which  are  killed  in  1  minute, 

X  X 

(x—1). 
or  N  ^     .  which  take  2  minutes  to  kill, 

X' 

(x  —  \). 
,  or  N^ r —  ,  which  take  3  minutes  to  kill, 

or 

and  no  other  distribution  will  satisfy  the  necessary  condition. 

A  further  argument  can  be  brought  against  a  theory  of  variable 
permanent  resistance,  viz.  that  a  chance  characteristic  is  as  a  rule  dis- 
tributed in  a  different  manner.  Those  individuals  possessing  it  in 
moderate  amount  are  usually  in  the  greatest  number,  while  those 
possessing  it  in  greater  or  less  degree  are  in  the  minority.  In  the  case 
of  disinfection,  those  apparently  possessing  the  least  resistance  are 
invariably  in  the  greatest  number. 

A  more  rational  explanation  is  based  upon  the  essential  similarity 
of  the  individual  bacteria,  for  in  no  other  way  can  the  logarithmic 
nature  of  disinfection  in  the  ideal  case  be  reasonably  accounted  for. 
If  one  condition  be  necessary  for  death,  or  a  multitude  of  small  causes, 
among  a  number  of  similar  individuals,  the  result  to  be  governed  by 
the  law  of  probability,  death  will  occur  logarithmically  (see  Yule,  1910). 
In  order  to  obtain  a  mental  picture  of  the  disinfection  process,  one  is  led 
to  seek  an  analogy  with  other  processes,  which  also  occur  logarithmically, 
viz.  chemical  reactions  of  the  first  order  such  as  the  decomposition  of 
hydrogen  arsenide,  the  inversion  of  sugar  and,  under  certain  conditions, 
the  "heat  coagulation"  of  proteins.  The  closest  possible  analog}^  has 
been  shown  to  exist  between  the  last  instance  and  the  destruction  of 
bacteria  by  hot  water.  In  these  cases  an  explanation  has  been  sought 
in  temporary  changes  in  the  energy  of  the  molecules,  as  a  consequence 
of  which  all  molecules  do  not  possess  the  same  sensibility  to  attack  at 
the  same  moment.     Some  such  property  is  therefore  attributed  to  the 
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molocules  (or  af^o rotates  of  moleoulcs)  of  tlie  constituorit  [)n)tc'in  of  the 
bacteria,  whereby  at  a  given  moment  only  a  certain  proportion  is 
liable  to  attack  ;  the  amount  being  (lef)en(lent  upon  the  coiicentration 
at  the  moment  of  un.'iltcreil  protein,  in  other  words  the  ninn})(;r  of" 
bacteria^  surviving  in  unit  volume. 

Disinfection,  whether  by  disinfectants  or  by  heat,  inay  be  considered 
analogous  to  a  chemical  reaction  the  velocit}'  of  which  is  controlled  by 
external  conditions  sucli  as  temperature  or  concentration  of  bacteria 
and  disinfectant. 

In  conclusion,  1  gratefully  acknowledge  the  great  help  I  have 
received  from  Dr  C.  J.  Martin,  F.R.S.,  whose  valuable  advice  and 
practical  assistance  have  been  at  my  disposal  throughout  this  work. 
I  am  also  indebted  to  him  for  the  design  of  the  very  convenient 
apparatus,  shown  in  Fig.  8,  used  for  investigating  disinfection  by  hot 
water. 
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ON  THE  "HEAT  COAGULATION"  OF  PROTEINS. 
By  HARHIETTE  CHICK,  D.Sc,  Assistant,  Lister  Institute 
of  Preventive  Medicine,  and  C.  J.  MARTIN,  M.B.,  D.Sc,  F.R.S., 

Director  of  the  Lister  Institute  of  Preventive  Medicine. 

On  heating  solutions  of  many  proteins,  as  temperature  rises,  an 
irreversible  change  of  state  occurs — so-called  "  heat-coagulation." 
Similarly,  in  the  case  of  most  proteins  endowed  with  active  physio- 
logical properties  (e.g.  ferments,  toxins,  lysins,  opsonins,  complements, 
etc.),  at  or  about  a  particular  temperature  these  properties  are 
destroyed. 

Up  to  the  present  it  has  been  the  almost  universal  practice  to  regard 
the  temperature  at  which  change  of  state  or  loss  of  activity  occurs,  as  if 
it  were  a  physical  constant  characteristic  of  the  particular  protein,  this 
temperature  being  subject  to  small  variations  according  to  the  con- 
ditions of  experiment. 

This  may  however  be  an  entirely  misleading  way  of  regarding  the 
matter  and  the  well-known  fact  that  the  destruction  of  active  properties, 
or  precipitation  as  the  case  may  be,  does  not  occur  instantaneously 
suggests  a  time  process  in  which  heat  merely  plays  the  subsidiary  part 
of  accelerator.  This  view  of  the  coagulation  of  proteins  was  indeed 
advanced  by  Duclaux  (1893)  and  has  since  been  established  by 
Famulener  and  Madsen  (1908)  for  the  destruction  of  the  active 
properties  in  solutions  of  three  antigens,  vibriolysin,  tetanolysin  and 
goats'-serum-hsemolysin,  and  by  Madsen  and  Streng  (1909)  for 
agglutinins. 

We  have  occupied  ourselves  in  the  first  instance  with  an  investiga- 
tion of  the  hiws  governing  the  precipitation  of  solutions  of  pure  proteins 
because  such  a  process  lends  itself  more  easily  to  accurate  quantitative 
methods. 

The  fact  that  various  proteins  are  more  or  less  easily  coagulated  by 
heating  their  solutions   has  proved  useful  for  their  identification  and 


UK  AT  COAGULATION   OF  I'ROTKINS.  405 

differentiation,  see  Hewson  (1772),  Kiihiie  (1864),  Fiedericq  (1877), 
Weyl  (1877),  Halliburton  (1884). 

It  was  apparent  to  Weyl  that  th<i  temperature  of  heat  coagulation, 
even  if  it  were  of  the  nature  of  a  physical  constant,  was  altered  by  a 
variety  of  conditions  and  Hanimarsten  (1879)  found  that  serum 
globulin,  the  coagulation  temperature  of  which  was  determined  by 
Hoppe-Sey  ler  to  be  72°  to  75°  C,  coagulated  at  68°  to  80°  C.  according 
to  the  rate  of  heating  up  and  the  concentration  of  protein  and  salt. 
Osborne  and  Campbell  (1900)  found  a  similar  difference  in  the 
coagulation  temperature  of  egg  albumen  by  varying  the  concentra- 
tion of  protein  and  NaCl.  A  fourth  factor  which  exerts  a  profound 
influence  is  the  addition  of  even  minute  amounts  of  acid  or  alkali. 
Halliburton  (1884)  found  in  the  case  of  serum  albumen  that 
neutralizing  (to  litmus)  an  alkaline  solution  lowered  the  coagulation 
temperature  from  80°  to  78°  C.  and,  by  the  successive  addition  of 
small  quantities  of  acid,  it  fell  as  low  as  53°  C. 

The  value  of  the  determination  of  the  temperature  of  heat  coagula- 
tion as  a  means  of  differentiating  proteins  has  been  severely  criticised 
by  Haycraft  and  Duggan  (1890),  who  point  out  that  the  act  of 
coagulation  takes  a  certain  time,  and  that  the  temperature  of  coagula- 
tion, as  usually  studied,  rises  as  the  concentration  of  protein  diminishes  ; 
it  was  also  criticised  by  Duclaux  (1893).  On  the  other  hand,  the 
usefulness  of  the  method  when  performed  under  standard  conditions 
was  defended  by  Hewlett  (1892),  and,  provided  the  four  conditions 
mentioned  above  be  kept  uniform,  the  observation  of  the  temperature 
at  which  precipitation  commences  undoubtedly  affords  useful  informa- 
tion. It  will,  however,  be  apparent  from  the  experiments  below,  that, 
as  insisted  upon  by  Duclaux  (1893),  heating  in  solution  is  not  a 
metliod  which  lends  itself  to  the  fractional  separation  of  proteins  unless 
the  difference  in  the  readiness  with  which  they  are  thrown  out  of 
solution  be  very  considerable.  Were  the  process  a  reversible  one  it 
would  be  different  and  the  method  would  compare  in  usefulness  with 
fractional  distillation. 

Nature  of  heat  coagulation. 

The  coagulation  of  proteins  by  heating  their  solutions  is  not  a 
pure  temperature  effect.  Water  as  such  or  in  the  form  of  steam  is 
essential.  Proteins  in  the  dry  or  nearly  dry  condition  can  be  heated  to 
much  higher  temperatures  without  change.    Cohnheim  (1900,  p.  141) 
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attributes  to  Michel  and  Wichtnann  the  observation  that  albumen 
crystals  can  be  heated  to  150°  C.  in  the  dry  condition  without  change. 
Again,  in  the  case  of  proteins  soluble  in  70  ^o  alcohol,  such  alcoholic 
solutions  may  be  boiled  without  precipitating  the  protein  but,  if  diluted 
with  water,  some  coagulation  occurs  when  the  solution  is  heated  to 
the  same  temperature  (Osborne,  1909,  p.  21). 

The  contrast  between  the  effect  of  heat  upon  proteins  in  the  dry  and 
moist  state  is  a  well- recognised  fact,  but,  with  the  exception  quoted 
above,  we  have  been  unable  to  discover  in  the  literature  any  precise 
experimental  data  upon  the  point. 

We  therefore  heated  crystalline  egg-albumen  and  methsemoglobin 
in  a  hot  air-bath  jacketted  with  oil.  The  proteins  were  freed  as  much 
as  possible  from  moisture  by  squeezing  in  a  press  between  filter  papers, 
but  still  contained  20  ^o  of  water.  Weighed  portions  of  a  few  decigrams 
were  placed  in  muslin  bags  and  hung  in  the  air  bath  through  which  a 
current  of  air  passed.  If  only  small  masses  are  employed,  it  is  not 
necessary  to  previously  dry  the  protein,  because  as  long  as  the  residual 
water  is  being  dissipated  the  material  does  not  acquire  the  temperature  of 
the  bath.  Samples  were  removed  at  intervals  and  estimation  made  of  the 
protein  still  soluble  in  water.  We  found  that  crystallised  egg-albumen 
was  completely  soluble  after  five  hours'  heating  to  120°  C.  At  120^  C. 
it  was  slowly  changed  and  after  four  hours  at  this  temperature  22  ''/o  was 
rendered  insoluble  in  water.  A  similar  sample  in  a  sealed  tube  {i.e.  in 
the  presence  of  steam  at  the  temperature  of  the  bath)  was  rendered 
completely  insoluble  in  a  few  moments.  Metha3moglobin  was  unchanged 
by  subjection  for  four  hours  to  a  temperature  of  110°  C.  Observations 
were  not  made  at  higher  temperatures  with  this  protein. 

So-called  "heat  coagulation"  appears  to  be  a  reaction  taking  place 
between  protein  and  water  leading  under  suitable  conditions  to  the  pre- 
cipitation of  the  former.  If  such  is  the  case,  it  is  difficult  to  imagine  that 
it  should  occur  only  at  or  above  any  particular  temperature,  and  an 
interpretation  more  in  accordance  with  modern  chemistry  is  that  heat 
coagulation  is  a  reaction  with  a  high  temperature  coefficient,  the  reaction 
velocity  of  which  varies  considerably  with  different  proteins  and  accord- 
ing to  the  acidity  and  saline  content  of  the  solution. 

In  order  to  test  this  interpretation  and  at  the  same  time  to  determine 
the  progress  of  the  reaction  we  kept  solutions  of  two  pure  proteins, 
oxyhsemoglobin  and  crystallised  egg-albumen,  at  constant  but  different 
temperatures,  removed  samples  at  intervals  and  determined  the  amount 
of  protein  remaining  unchanged.     We  are  alive  to  the  fact  that  by 
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so  doing  we  are  measuring  the  rate  of  change  in  a  reaction  which 
involves  two  distinct  processes:  (1)  the  reaction  between  water  and 
protein,  and  (2)  the  separation  of  the  product  fronn  a  colloidal  solution. 

Our  experiments  were  performed  in  the  presence  of  ammonium 
sulphate  which  facilitates  coherence  of  the  precipitates  and,  as  the  filtrates 
from  the  partially  coagulated  solutions  displayed  no  sign  whatever  of 
being  altered  in  character  and  showed  no  further  change  on  standing  at 
a  lower  temperature,  we  believe  that,  under  these  conditions,  the  time 
occupied  in  the  physical  change  involved  in  No.  2  is  in.significant  and 
that  we  are  indeed  measuring  the  slower  interaction  between  water  and 
protein. 

Materials  used.  The  hcemoglobin  was  prepared  from  horse's  blood 
and  crystallised  from  solutions  of  Am2S04,  as  described  by  Schulz 
(1908).  The  crystals  were  separated  from  mother  liquor  by  pressing 
between  filter  paper  and  were  dissolved  in  distilled  water.  A  3  7o 
solution  of  haemoglobin  in  a  weak  solution  of  Am2S04  was  used  for  the 
experiments. 

Crystalline  egg-albumen  was  prepared  from  the  whites  of  fresh  eggs 
according  to  the  method  of  Hopkins  and  Pink  us  (1898).  The  crystals 
were  pressed  as  dry  as  possible  between  filter  paper.  A  strong  solution 
in  distilled  water,  containing  20*8  ^o  albumen 
and  8*4  7o  Am2S04  formed  the  stock  solution  ; 
it  was  diluted  with  the  necessary  amount  of 
water  as  required.  The  stock  solution  was  kept 
in  the  cold  room  as  it  was  not  permissible  to 
add  a  preservative.  Even  the  presence  of  toluol 
we  found  to  greatly  increase  the  rate  of  the 
reaction. 

Method.  The  protein  solutions  were  placed 
in  a  test-tube  of  200  c.c.  capacity  fitted  with  a 
stirrer  of  bent  glass  tube.  The  upper  end  of 
the  stirrer  passed  through  a  glass  bearing  in 
the  cork.  Near  this  upper  end  a  side  piece 
was  blown  through  which  the  samples  were 
withdrawn.  The  lower  end  of  this  tubular 
stirrer  (Fig.  1)  was  open,  the  upper  closed  and 
attached  to  a  revolving  spindle.  The  test-tube 
was  immersed  in  a  bath  of  water  with  half  an 
inch  of  mineral  oil  upon  the  surface  to  minimise 
evaporation.    The  bath  was  continuously  stirred 


408  H.   CHICK  AND   C.  J.   MARTIN. 

and  maintained  at  a  constant  temperature  by  means  of  a  gas  flame 
controlled  by  a  toluol  regulator.  The  variations  in  the  temperature 
of  the  bath  seldom  exceeded  0*1°  C.  during  the  experiment. 

According  to  size  and  contents  of  the  tube,  8  to  10  minutes  were 
necessary  for  the  solution  to  reach  the  temperature  of  the  bath.  A 
sufficient  period  having  been  allowed  for  warming  up,  samples  of  the 
tube's  contents  were  withdrawn  after  successive  intervals  of  time,  cooled 
and  filtered  and  the  residual  proteid  determined. 

Determination  of  the  proteid  content  in  the  samples. 

In  the  case  of  haemoglobin,  the  residual  proteid  was  determined 
colorimetrically  by  comparison  with  the  first  sample  as  standard  (=  100). 
This  comparis(m  was  carried  out  in  a  home-made  apparatus,  which  was 
found  to  be  much  more  convenient  and  accurate  than  any  of  the  more 
elaborate  ones  which  we  tried. 

Three  test  tubes  of  the  same  diameter  and  made  of  glass  of  the  same 
tint  were  carefully  selected.  The  three  tubes  were  observed  in  a  narrow 
cardboard  box,  sufficiently  long  to  take  them  in  a  row,  and  deep  enough 
to  hold  them  comfortably.  Two  square  openings  exactly  opposite  one 
another  were  cut  out  in  the  longer  sides  of  the  box,  through  which  the 
colours  could  be  seen  when  the  box  was  held  up  to  the  light.  A 
cigarette  paper  was  pasted  over  the  opening  on  the  illuminated  side. 

Two  tubes  contained  the  standard  solution,  diluted  as  necessary, 
while  a  third  contained  a  known  volume  of  the  solution  to  be  determined. 
This  was  diluted  with  successive  small  quantities  of  distilled  water  from 
a  burette  until  its  tint  could  not  be  distinguished  from  that  of  the  two 
standard  tubes  between  which  it  was  placed.  A  further  quantity  of 
water  was  added  until  a  difference  in  tint  was  again  noticed.  The 
mean  between  the  readings  when  a  difference  could  be  detected  was 
taken  for  end-point. 

In  the  case  of  egg-albumen  the  concentration  of  residual  unchanged 
proteid  in  the  filtered  samples  was  determined  by  boiling  a  given 
volume  of  the  filtrate,  made  just  acid  with  acetic  acid,  collecting  the 
coagulum  on  a  weighed  filter  paper,  drying  at  110°  C,  and  weighing. 

The  reaction  velocity  of  coagulation. 

Heemoglobin.  The  haemoglobin  solutions  were  experimented  with  as 
prepared  and  contained  ammonium  sulphate.     Table  I  gives  the  results 
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of  five  experiments  made  with  a  sohiticni  of  haemoglobin  containing 
about  3  7o  proteid  (determined  by  weighing  the  coagulum  obtained  on 
boihng)  at  temperatures  between  60°  C.  and  70^  C.  The  residual 
concentrations  of  haemoglobin  are  expressed  in  proportion  to  that  of  the 
first  sample  which  is  represented  by  100.  The  first  sample  was  taken 
after  sufficient  time  had  elapsed  for  the  tube  and  contents  to  take  the 
temperature  of  the  bath,  and  time  is  reckoned  from  the  taking  of  the 
first  sample. 


TABLE  I. 

Coagulation 

o/  hcemoglobi 

n,  3  7o  s 

olution. 

Exp. 

Temp,  of  bath, 
'C. 

Time*. 

minutes 

=  t 

Concentration 
of  liaemoglobin 
(first  sample  =  100) 
=  C 

Logjo  C 

K  = 

\ov  Co  -  loK  Cji 
tn-to 

1 

60 

0=«o 

100 -.Co 

2  000 

— 

30 

54 

1-732 

•0090 

90 

13-5 

1-000 

•0097 

mean 

•0093 

2 

62-6 

0  =  t, 

100 

2  000 

— 

20 

42 

1-623 

•019 

.    45 

12 

1-079 

•020 

70 

48 

•681 

•019 

mean 

•019 

3 

65-6 

0=t, 

100 

2-000 

— 

10 

35-5 

1-550 

•045 

20 

11-0 

1-041 

•048 

30 

5-0 

•699 

mean 

•043 

•044 

4 

67-6 

0  =  t, 

100 

2-000 

— 

3 

61-4 

1-788 

•071 

6 

34-8 

1-542 

•076 

9 

24-9 

1-396 

-067 

mean 

-074 

5 

70-4 

0=f., 

100 

2-000 

— 

2 

52-5 

1-720 

-16 

4 

25-3 

1-404 

-15 

6 

14-1 

1-J50 

-15 

7-5 

7-6 

•886 

•15 

mean     -15 


*  Time  was  reckoned  from  the  taking  of  the  first  sample,  i.e.  from  a  time  when  the 
temperature  of  tube  and  contents  was  known  to  have  reached  that  of  the  bath. 
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In  the  right-hand  column  of  the  table  are  given  values  for  the 
velocity  constant,  calculated  on  the  assumption  that  the  process  proceeds 
logarithmically.  These  are  in  good  agreement,  indicating  that  the 
reaction  velocity  at  any  moment  is  proportional  to  the  concentration  of 
unchanged  haemoglobin.  This  is  graphically  shown  in  Fig.  2,  where 
logarithms  of  haemoglobin-concentration  are  plotted  against  time,  and 
five  straight  lines  are  obtained  corresponding  to  the  five  experiments 
in  Table  I.  As  the  temperature  is  raised,  these  lines  become  rapidly 
steeper,  and  the  velocity  constants  in  Table  I  become  greater  in  value. 


io  ito  so 
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10 


80 


90 


100 


Fig.  2.     Coagulation  of  hsBmoglobin  in  3  %  solution  at  temperatures  from  60°  C.  to  70°  C. 
(original  concentration  =  100).     Ordinates  =  logarithms  of  concentration  of  haemoglobin. 


From  the  results  of  these  experiments  it  is  evident  that  the  change 
occurring  on  heating  a  solution  of  haemoglobin  is  a  reaction  of  the  first 
order. 

Our  interpretation  of  the  facts  is  as  follows  :  Water  reacts  with 
haemoglobin,  and  this  reaction  results  in  the  splitting  off  of  haematin  and 

fi 
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the  formation  of  an  insoluble  protein.  As  the  water  is  in  infinite 
excess,  at  any  one  temperature  the  rate  of  reaction  is  determined  only 
by  the  residual  concentration  of  the  haemoglobin.  At  ordinary  tempera- 
tures this  reaction  between  haemoglobin  and  water  is  inappreciable,  but 
is  greatly  enhanced  by  raising  the  temperature,  in  other  words  the 
reaction  has  a  high  temperature  coefficient.  This  has  been  determined 
for  coagulation  of  haemoglobin  and  egg-albumen  and  will  be  discussed 
later. 

What  the  nature  of  the  cleavage  may  be  we  are  ignorant  but  the 
phenomenon  presents  some  analogy  with  the  hydrolysis  of  cane  sugar. 

Crystallised  egg-albumen,  A  1  Yo  solution  of  egg-albumen  was  used 
and  the  experiments  were  similar  to  those  with  haemoglobin  detailed 
above,  except  that  the  concentration  of  albumen  in  the  samples  removed 
at  intervals  was  determined  by  boiling  and  weighing  the  precipitated 
protein.     The  temperatures  employed  varied  between  69°  and  77°  C. 

The  crystals  of  egg-albumen  were  twice  recrystallised  from  solutions 
of  ammonium  sulphate.  The  solutions  contained  free  acid  and  required 
the  addition  of  considerable  quantities  of  alkali  before  the  concentration 
of  H+  ions  was  reduced  to  that  of  water.  The  observations  were  made  by 
determining  the  electromotive  force  of  hydrogen  concentration-cells  and 
will  be  referred  to  again  later.  The  fact  is  mentioned  here  to  indicate 
that  egg-albumen  crystals  are  salts  of  the  protein  with  the  acid  present 
at  the  time  of  their  precipitation  as  was  found  by  Osborne  (1902)  to 
be  the  case  with  Edestin  crystals.  Such  salt  formation  by  proteins  has 
been  abundantly  shown  among  others  by  Skojvist  (1895),  Spiro  and 
Pemsel  (1898),  Osborne  (1899  I  and  II  and  1902),  Erb  (1901), 
Pauli  (1907),  Moore  and  Bigland  (1910).  In  water  these  salts 
hydrolyse  to  some  extent  and  a  solution  containing  salts  of  albumen, 
albumen  and  acid  is  produced.  Under  these  circumstances,  it  might 
be  anticipated  that  the  progress  of  the  reaction  with  hot  water  would 
be  more  complicated  than  was  the  case  with  haemoglobin. 

In  Table  II  are  set  forth  the  results  of  four  experiments  showing  the 

progress  of  coagulation  in  a  1  Vo  solution  of  egg-albumen  crystals  at 

temperatures  of  69°  to  76*3°  C.     The  solution  was  rendered  alkaline  to 

N 
lacmoid  solution  by  the  addition  of  5  c.c.  ^  AmOH  to  100  c.c.^  and 
•^  10 

^  The  original  albumen  solution  contained  1-039  °/o  protein,  so  that  the  amount  of 

N 
ammonia  added  is  equivalent  to  4 '81  c.c.  —  AmOH  per  gram  protein  ;  after  this  dilution 

the  solution  contained  0-99 *^/o  albumen. 
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subsequent  examination  of  the  concentration  of  H+  ions  in  this  solution 
with  a  gas-chain  battery  by  the  hydrogen  concentration-cell  method 
indicated  that  the  solution  was  only  slightly  more  alkaline  than  distilled 
water.  Nevertheless,  a  distinct  formation  of  alkali  albumen  was  detected 
after  the  solution  had  been  heated  for  some  hours.  The  residual  con- 
centration of  protein  in  the  solutions  is  given  in  milligrams  per  c.c. 

TABLE    II.     Coagulation  of  0*99  ^j^  crystalline  egg-albumen  solution. 

Temp,  of  bath, 
Bxp.  *C. 

1  69 


711 


73 


76-8 


Time, 
minutes 

Amt.  of  filtrate 
analysed,  c.c. 

Weii^ht  of 
coagulum,  grams 

Residual  albumen, 
mgrs.  per  c.c. 

10 

15 

0-1462 

9-747 

85 

15 

0-1104 

7-360 

180 

14-5 

0-0838 

5-779 

360 

14-3 

0-0598 

4-184 

741 

21 

0-0585 

2-786 

1443 

80 

0-0604 

2-013 

11 

13-5 

0-1326 

9-823 

37 

17-2 

0-1162 

6-756 

62 

11-7 

0-0607 

5-187 

90 

18 

0-0850 

4-722 

146 

19-5 

0-0634 

3-251 

280 

23 

0-0487 

2-117 

10 

14-5 

0-1379 

9-512 

20 

14« 

0-0818 

5-642 

30 

12-5 

0-0545 

4-360 

50 

16 

0-0470 

2-938 

129 

17-5 

0-0270 

1-543 

275 

34 

0-0393 

1-156 

10-6 

12 

0-0442 

3-683 

13 

12 

0-0312 

2-600 

17 

20 

00407 

2035 

22 

18 

0-0243 

1-350 

3d 

40 

0-0480 

1-200 

In  Fig.  3,  the  concentration  after  definite  intervals  is  plotted  against 
time.  The  points  appear  to  lie  upon  smooth  curves,  indicating  that  the 
process  proceeds  in  an  orderly  manner.  An  examination  of  the  figures 
showed  that  the  relation  of  the  concentration  to  time  did  not  follow  a 
simple  logarithmic  law,  but  decreased  with  time  more  quickly  than  would 
be  accounted  for  if  the  rate  were  merely  proportional  to  the  concentra- 
tion of  protein. 

We  have  made  a  large  number  of  experiments  with  egg-albumen 
solution,  the  details  of  which  we  have  not  included  in  this  paper.  The 
results   of  these   experiments   showed   general  agreement  with   those 
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described  above  and  afforded  curves  similar  to  those  drawn  in  Fig.  3, 
For  some  time  we  were  not  aware  how  extremely  sensitive  this  process 
is  to  a  variety  of  influences,  and  that  it  is  essential  to  work  with  the 
same  solution  if  the  results  are  to  be  compared.  No  preservative  is 
permissible  and  the  solutions  must  be  frozen  during  the  time  between 
the  observations.  In  the  early  portion  of  the  work  sufficient  precautions 
were  not  taken,  and  these  experiments  cannot  therefore  be  used  for 
comparative  purposes. 
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Fig.  3.  Influence  of  temperature  upon  coagulation  rate  of  egg-albumen.  Coagulation  of 
1%  solution  at  temperatures  from  69°  C.  to  76-3°  C.  Ordinates  =  concentration  of 
albumen  in  milligrams  per  c.c. 


TABLE    III.      Temperature  coeffijcient  of  heat  coagulation  of  hcemoglohin. 


Material 

Temperature 
of  hatli 

Velocity 

constant 

=  A' 

(/fxlOS) 
=  1okA; 

Mean  logarith- 
mic difference 
in  velocity 
constant  perVC. 

Temperature 

coefficient, 

mean  relative 

change  in  velo- 

citv  constant 

for  1°  C. 

!.^''^':MlogeA-o-log«A-H) 

Haemo- 
globin 

70-4 
67-6 

0-15 
0-074 

2-176 
=  logfco 

1-869 

0-109 

— 

58,700 

65-6 

0-044 

1-643 

0111 

— 

59,410 

62-6 

0-019 

1-278 

0115 

— 

61,030 

60 

0-0093 

0-968 

0-116 

— 

61,070 

mean  0113 

1-30 

mean  60,050 

27—2 
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Temperature  coefficient  of  the  reaction. 

Hcemoglobin.  The  effect  of  temperature  upon  the  reaction  velocity 
of  coagulation  was  studied  by  comparing  the  velocity  constants  at  the 
various  temperatures.  The  available  data  obtained  from  Table  I  are  set 
forth  iii  Table  IIJ,  and  it  will  be  seen  that  between  the  temperatures  of 
60°  C.  and  70°  C,  rise  of  temperature  has  a  consistent  effect  upon  the 
rate  of  coagulation.     This  ife  in  approximate  obedience  to  a  logarithmic 
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Fig.  4.  Influence  of  temperature  upon  the  reaction  velocity  of  heemoglobin  coagulation 
(3%  solution),  logarithms  of  mean  values  of  the  velocity  constant  (ordinates),  K, 
plotted  against  temperature  (abscisscB). 
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law,  the  mean  logaritliinic  difference  in  velocity  constant  for  a  rise  of 
temperature  of  l°C.,  calculated  from  the  various  different  experiments, 
remaining  nearly  constant  in  value  throughout  the  range  observed. 
This  is  expressed  graphically  in  Fig.  4,  where  logarithms  of  velocity 
constants,  plotted  against  temperature,  fall  upon  a  straight  line. 

The  formula  of  Arrhenius,  in  which  an  additional  factor  having 
reference  to  the  absolute  temperatures  is  introduced,  has,  in  many  cas*:*?, 
been  found  to  express  the  effect  of  temperature  upon  reacti(jns,  and 
would  appear  to  be  applicable  here  equally  with   the  simpler  law  dis- 

/     2T  T  K  \ 

cussed  in  the  preceding  paragraph.    The  values  of  yu,  [  =  ^   "  ^."  logg  —^  J 

are  given  in  the  last  column  of  Table  III,  and  a  fair  approximation  to 
constancy  is  displayed.  Over  the  small  range  of  temperature  of  the 
experiments,  it  is  difficult  to  say  which  expression  is  the  better 
applicable. 

From  Table  III  the  coagulation  rate  of  haemoglobin  is  seen  to  be 
increased  1'3  times  for  a  rise  in  temperature  of  1°C.,  i.e.  13*8  times  for 
a  rise  in  temperature  of  10°  C. 


Egg-albumen.  It  is  not  possible,  as  was  done  in  the  case  of  haemo- 
globin, to  ascertain  the  temperature  coefficient  by  a  direct  comparison  of 
velocity  constants  at  different  temperatures,  because  the  equation  to  the 
curve  is  unknown.  It  is  legitimate,  however,  to  compare  the  time  taken 
for  a  similar  reduction  in  concentration  of  unaltered  albumen  at  various 
temperatures.  In  Fig.  3  concentrations  of  residual  albumen  are  plotted 
against  time,  at  four  different  temperatures ;  from  the  smoothed  curves 
the  times  taken  at  each  temperature  for  a  concentration  of  albumen  (A) 
to  be  reduced  to  concentration  (B)  can  be  determined.  The  reciprocals 
of  these  times  are  proportional  to  the  average  velocities  of  similar 
portions  of  the  total  coagulation  process  at  the  various  temperatures  and 
may  be  compared.  In  this  way  the  figures  in  Table  IV  are  obtained, 
giving  the  times  taken  for  reduction  of  concentration  of  uncoagulated 
albumen  from  9  mgr.  per  c.c.  to  3  mgr.  per  c.c.  in  each  case. 

Rise  of  temperature  within  the  limits  employed  has  a  consistent 
influence  upon  the  average  velocity  of  coagulation  of  egg-albumen  and 
this  influence  is  even  greater  than  was  the  case  with  haemoglobin.  The 
average  velocity  of  coagulation  of  egg-albumen  is  increased  1*91  times 
for  a  rise  in  temperature  of  1°  C,  i.e.  at  the  rate  of  about  635  times  for 
10°  C. 
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TABLE  IV.      InJluPAice  of  temperature  upon  the  coagulation  of 

crystalline  egg-albutnen. 


Temp., 
'  C.  =t 

09-0  =  ^0 
71-1 
73-0 
76-3 


Time  taken 
for  reduc- 
tion, 9  mgrs. 
Iter  c.c.  to  3 
mgrs.  per  C.C., 
minutes 

617-0 

155-0 

41-5 

7-2* 


Average  velo- 
city during 
this  period, 
mgr.per  C.C. 
coagulated 
per  minute 
=  V 

0-00973=  To 
0-03871 
01446 
0-833 


T^og.o 
(FxlO-f) 

0-988 
1-587 
2-160 
2-921 


Mean 
logarithmic 
difference 
in  aver- 
age velocity 
per  r  C. 


0-285 
0-294 
0-265 


Temperature 
coefficient, 
mean  rela- 
tive change 

in  aver- 
age velocity 

per  1°  C. 


1-93 
1-97 
1-84 


2roT„ 

T„~T.  Oog«  Vn  -  logtf  Fo) 
•*  n     ■•0 


136,500 
141,600 
128,800 


Mean     1-91 


*  Figure  by  extrapolation. 

In  the  last  column  of  Table  IV  are  given  the  value  of  /x,  if  the  formula 
of  Arrhenius  be  supposed  to  hold  in  this  instance.  The  value  obtained 
from  the  various  experiments  shows  a  rough  constancy  and  is  nearly 
three  times  that  obtaining  in  the  case  of  haemoglobin. 

The  temperature  coefficient  which  we  find  for  the  coagulation  of 
these  two  proteins  by  hot  water,  1'30  and  1*91  times  respectively  for 
1°  C.  rise  in  temperature,  is  an  exceedingly  high  one  compared  with  the 
effect  of  temperature  upon  most  chemical  reactions.  In  the  majority  of 
instances  the  reaction  velocity  is  increased  about  1*1  times  for  V  C,  that 
is  2  to  3  times  for  a  rise  of  temperature  of  10°  C,  and  even  the  biologi- 
cal processes  of  germination  of  seeds,  respiration  of  plants  and  growth  of 
bacteria  fall  within  this  range.  On  the  other  hand,  many  reactions  in 
which  complex  protein  bodies  are  concerned  have  been  shown  to  possess 
high  temperature  coefficients  which  are  comparable  with  those  obtained 
for  heat  coagulation.  The  destruction  of  emulsin  by  heat  has,  according 
to  Tamman  (1895),  a  temperature  coefficient  of  7'14  for  10°  C.  rise  of 
temperature  between  the  temperatures  of  60°  C.  and  70°  C.  Bayliss 
(1908,  p.  52)  found  the  action  of  trypsin  to  be  hastened  53  times  for 
10°  C.  rise  of  temperature.  Meyer  (1906)  found  the  disinfection  of 
spores  of  B.  subtilis  and  B.  robur  by  heat  to  be  hastened  from  4  to  5 
times  for  10°  C.  rise  of  temperature,  in  accordance  with  a  logarithmic 
law.  Ballner  (1902)  found  disinfection  of  anthrax  spores  by  steam  to 
take  place  from  9  to  11  times  more  quickly  by  raising  the  temperature 
10°  C. ;  a  simple  logarithmic  law  and  the  law  of  Arrhenius  are  equally 
applicable   to  his   results  (H.   Chick,   1908,   p.    153).     Disinfection  of 
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vegetative  forms  of  bacteria  (B.  paratyphosus)  with  phenol  aiifl  other 
coal  tar  derivatives  has  a  temperature  coefficient  of  8  to  10  for  10"  C. 
rise  in  temperature'. 

The  high  temperature  coefficient  for  coagulation  of  egg-albumen  has 
a  counterpart  in  that  for  the  velocity  of  destruction  by  hot  water  of  the 
hsemolysins  in  vibriolysin,  tetanolysin  and  goat-serum.  Famulener 
and  Madsen  (1908)  found  the  influence  of  temperatue  to  be  in  accord- 
ance with  the  law  of  Arrhenius,  and  the  velocity  of  this  reaction  to  be 
doubled  if  the  temperature  were  raised  1°C.  Madsen  and  Streng 
(1909)  showed  the  action  of  hot  water  upon  some  agglutinins  to  be 
similarly  influenced  by  temperature. 

All  the  high  temperature  coefficients  mentioned  above  have  been 
observed  with  reactions  taking  place  in  colloidal  solutions  which  suggests 
that  under  these  conditions  the  effect  of  temperature  is  produced  in 
some  other  way  than  by  merely  enhancing  the  intrinsic  energy  of  the 
molecules.  In  what  other  way  temperature  may  operate,  we  have  how- 
ever no  proof.  Mr  W.  B.  Hardy  has  suggested  to  us  that  alteration 
in  the  mean  size  of  the  protein  aggregates,  whereby  the  total  surface 
was  increased,  might  explain  a  rise  in  reaction  velocity.  The  heat 
coefficient  of  egg-albumen  may  be  in  part  so  explained,  but,  since  from 
the  osmotic  pressure  determinations  of  Htifner  and  Gansser  (1907) 
and  Roaf  (1909)  haemoglobin  would  seem  to  exist  in  solution  in  single 
molecules,  some  other  interpretation  must  be  looked  for  in  this  case. 

It  must  not  be  overlooked  that  in  all  these  observations  the  range 
over  which  the  influence  of  temperature  has  been  studied  is  a  very 
small  one — in  our  own  experiments  10°  C. — and  there  is  no  experimental 
proof  that  the  effect  of  temperature  remains  the  same  over  a  wider 
range.  We  have,  however,  observed  the  formation  of  an  insoluble 
precipitate  in  faintly  acid  solutions  of  egg  white  after  one  week  at  37°  C, 
and  it  is  a  matter  of  common  observation  that  protein  solutions  slowly 
deposit  an  insoluble  precipitate  of  protein  on  long  standing. 

From  the  results  set  forth  in  this  paper  it  is  clearly  inaccurate  to 
consider  that  a  protein  coagulates  at  any  particular  temperature.  It  is 
true  that  proteins  heated  with  water  under  exactly  similar  circumstances 
usually  commence  to  precipitate  at  or  about  some  definite  temperatures, 
but  it  is  misleading  to  look  upon  the  "  coagulation  temperature  "  as  if 

^  On  the  other  hand  disinfection  by  mercuric  chloride  or  silver  nitrate  has  a  much 
lower  coefficient,  viz.  2 — 4,  (H.  Chick  (1908),  B.  paratyphosus  ;  Madsen  and  Nymau 
(1907)  anthraxspores). 
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it  were  of  the  nature  of  a  physical  constant  of  the  particular  protein. 
It  is  due  to  the  high  temperature  coefficient  of  this  reaction  that 
observations  of  the  so-called  coagulation  temperature  have  been  of 
service.  A  real  distinction  is,  however,  afforded  by  the  rate  at  which  a 
protein  is  coagulated  at  any  given  temperature  and  under  similar 
conditions  as  to  reaction  and  salt  content. 


Effects  of  acid  and  alkali  upon  rate  of  coagulation  of  egg-albumen. 

It  has  long  been  known  that  the  addition  of  acid  or  alkali  influences 
the  readiness  with  which  protein  is  thrown  out  of  solution  by  hot  water. 
Halliburton  (1884)  found  that  with  solutions  alkaline  to  litmus, 
the  temperature  at  w^hich  precipitation  occurred,  if  at  all,  was  not  much 
influenced  by  the  degree  of  alkalinity.  Ou  the  other  hand,  acid  lowered 
the  temperature  of  coagulation  ;  if  acid  were  added  in  equal  quantity 
to  a  solution  of  albumen  the  first  additions  produced  a  small  fall  in 
coagulation  temperature,  and  this  effect  became  progressively  more 
marked  with  each  successive  addition.  Halliburton's  results  as  to  the 
general  effect  of  acid  in  increasing  the  readiness  with  which  proteins 
were  precipitated  from  their  solutions  were  confirmed  by  Hay  craft  and 
Duggan  (1890). 

A  certain  amount  of  confusion  upon  this  subject  is  due  to  the  fact 
that  in  the  past  the  criterion  of  neutrality  has  been  arrived  at  with  the 
use  of  indicators,  substances  which  in  many  cases  act  as  stronger  acids  or 
bases  than  the  proteins  themselves.  Our  observations  with  solutions  of 
egg-albumen  have  led  us  to  the  conclusion  that  directly  the  concentra- 
tion of  0H~  ions  in  a  solution  rises  above  a  minimum  (about  twice  the 
concentration  in  distilled  water)  some  alkali-albumen  is  formed  on 
heating.     The  question  therefore  resolves  itself  into  the  effect  of  acid. 

Having  ascertained  that  it  is  improper  to  speak  of  a  protein  as 
having  any  particular  coagulation  temperature,  we  have  studied  the 
effect  of  addition  of  acid  upon  the  velocity  of  coagulation  at  constant 
temperature.  For  this  purpose  hsemoglobin  could  not  be  used  owing  to 
its  extreme  sensitiveness  to  acid  and  the  experiments  were  therefore 
confined  to  crystalline  egg-albumen. 

In  Table  V  are  given  the  results  of  six  experiments  made  with  the 
same  material  and  at  the  same  temperature,  69°  C,  and  differing  only 
in  the  reaction  of  the  albumen  solution  employed,  which  varied  from 
the  material  as   prepared,   with    markedly   acid  reaction,  to   the   limit 
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TABLE  V.      Coagulation  of  crystalline  eyg-albumen,   0*99  7o  solulum.^  imth 
original  acidity^  and  after  addition  of  various  ataounts  of  ammonia^  at  09"  ('. 


Exp. 


No.  of  c.c. 

Ji  AniOH  added 
per  gram  protein 

Time, 
minutes 

Amount  of 

Hltrate  analysed, 

c.c. 

Weight  of 

coagulum, 

grams 

Residual 

albumen, 

mgrs.  per  c.c. 

0 

0 

control 

— 

9-901 

8 

22 

0-1262 

5-737 

10 

23 

0-1022 

4-444 

11 

24-5 

0-0989 

4-037 

12-5 

22-5 

0  0800 

3 -555 

15 

34-5 

0-0999 

2-896 

1-60 

10 

16 

0-1260 

7-876 

15 

16-6 

0-1105 

6-697 

22 

22-5 

0-1257 

5-587 

30 

23 

0-1111 

4-831 

50 

32 

0-1172 

3-663 

80 

18 

0-0506 

2-811 

2-40 

10 

17 

0-1461 

8-594 

20 

16 

01168 

7-301 

40 

20 

01180 

5-900 

81 

18 

0  0795 

4-416 

150 

22-5 

0-0806 

3-582 

337 

28-5 

0-0716 

2-512 

3 -20 

10 

17 

0-1458 

8-576 

20 

15-5 

0-1246 

8-040 

40 

8-5 

0-0636 

7-482 

86 

30 

0-1809 

6-030 

165 

21 

0-1025 

4-881 

5-53 

10 

12-7 

0-1201 

9-458 

30 

15-5 

0-1279 

8-251 

60 

16 

0-1144 

7151 

120 

18-5 

0-1058 

5-719 

241 

18-7 

0-0802 

4-288 

420 

14-8 

0-0428 

2-892 

600 

36 

0-0709 

1-969 

4-01 

10 

13 

0-1230 

9-461 

40 

12-5 

0-1000 

8-001 

90 

16 

0-1073 

6-707 

215 

17-5 

0-0836 

4-777 

300 

20 

0-0810 

4-050 

645 

24 

0-0589 

2-454 

4-81  See  Table  III,  Experiment  at  69°  C. 
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of  alkalinity  possible  without  formation  of  alkali  albumen^  (Exp.  7). 
This  is  after  all  a  very  small  range,  but  was  the  utmost  within  the 
compass  of  our  experimental  method  for  any  one  temperature.  As  it 
was,  the  reaction  rate  in  the  most  acid  condition  (Exp.  1)  was  so  rapid 
as  to  make  the  observations  only  just  possible,  whereas  the  exjperiment 
with  neutral  solution  occupied  12  hours. 

The  results  are  shown  graphically  in  Fig.  5  where  the  concentration 
of  residual  albumen  in  solution  for  seven  different  degrees  of  acidity  are 
plotted  against  time.    The  observations  fall  upon  smooth  curves.    As  in 


50  100 

T/Aff  IN  M/NUTCS 

Fig.  5.  Influence  of  acid  upon  coagulation  rate  at  69°  C.  of  egg-albumen  in  1  ^[^  solutions 
to  which  varying  amounts  of  alkali  had  been  added.  Ordinates  =  concentration  of 
albumen  in  milligrams  per  c.c.     AbscissaB  =  Time  minutes. 

1.     Original  solution,  reaction  acid,  i.e.  H+  ion  concentration  greater  than  distilled  water. 

N 


1-6  c.c.  ^  AmOH  added  per  gram  protein,  reaction  acid, 

«^'  ^'^  5)  >»  >l  )> 

4-     ^"2  ,,  })  )»  «) 

5.  3"5o        ,,  ,,  ,, 

6.  401 


reaction  alkaline,  i.e.  H+  ion  concentration 
less  than  distilled  water. 


7.     4-81 


i 


^  It  must  be  remembered  that  the  original  solution  of  twice  re- crystallised  egg-albumen 
crystals  is  decidedly  acid  and  that  we  have  studied  the  effect  of  varying  the  acidity  by 
adding  different  amounts  of  alkali.  This  method  was  employed  owing  to  the  fact  that  at 
that  time  we  had  no  means  of  ascertaining  the  true  neutral  point  of  the  solution.  It  has 
no  dipadvantage  other  than  rendering  the  description  involved. 
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the  previous  series  the  reaction  rate  falls  off  more  rapidly  than  can  bo 
accounted  for  by  the  decrease  in  concentration,  but  the  nature  of  the 
curve  has  not  been  ascertained. 

Therefore,  for  a  quantitative  comparison  of  the  rates  of  coagulation 
with  different  degrees  of  acidity  the  same  expedient  had  to  be  adopted 
as  before  and  the  average  velocities  derived  from  the  times  taken  for 
the  concentration  to  be  reduced  from  6  mgrs.  per  c.c.  to  3  mgrs.  per  c.c. 
in  each  case.  The  figures  were  obtained  from  the  smoothed  curves  of 
Fig.  5,  and  are  set  forth  in  Table  VI. 

Examination  of  Table  VI  or  a  glance  at  Fig.  6,  in  which  the  mean 

N 
velocity  of  coagulation  is  plotted  against  no.  of  c.c.  ^k  alkali  added  per 

gram  protein,  reveals  the  fact  that  as  the  acid  is  removed  the  rate  of 
coagulation  falls,  at  first  very  rapidly,  afterwards  more  slowly,  the  effect 
being  in  no  simple  proportion  to  the  alkali  added. 


Composition  solution 
no.  of  c.c. 

^  AmOH  added 

per  gram  protein 

Reaction 

of 
solution 

Time  taken  for  reduction  in 

albumen  concentration  of 

6  mgrs.  per  c.c.  to 

3  mgrs.  per  cc,  mins. 

(from  Fig.  6) 

0 

1-60 

Original  acidity 
Acid 

7  1 
67-5 

2-40 

» 

150 

3-20 

>> 

240 

3-53 

>» 

300 

4-01 

alkaline 

370 

4-81 

11 

480 

TABLE  VI.     Effect  of  acid  itpon  rate  of  coagulation  of  a  0*99  7o  solution 
of  crystalline  egg-alhumen.     Total  volume  of  solution  constant  =  157*5  c.c. 

Average  velocity  during 

this  period  mgrs.  per  c.c. 

coajgulated  per  minute 

•4225 

•0522 

•0200 

•0125 

•0100 

•00811 

•00625 

These  results  confirm  in  the  main  those  of  Halliburton  (1884)  with 
serum  proteins  already  referred  to  (p.  405).  In  our  experiments  the 
effect  of  acid  is  more  striking,  but  that  is  to  be  explained  as  follows. 
The  influence  of  acid  is  here  measured  by  comparing  coagulation  rates  at 
constant  temperature,  whereas  Halliburton  compared  the  **  coagula- 
tion temperatuies,"  that  is  to  say  temperatures  at  which  coagulation 
takes  place  at  approximately  the  same  rate.  For  a  process  with  a  high 
temperature  coefficient  the  former  method  is  the  more  accurate.  An 
amount  of  acid  which  would  double  the  coagulation  rate  at  a  given 
temperature  would  lower  the  apparent  "  coagulation  temperature  "  only 
about  1°  C. 

Little  further  could  be  made  of  the  facts  until  we  had  found  out  the 
true  neutral  point  of  the  solution,  i.e.  the  point  w^here  the  concentration 
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of  hydrogen  ions  equalled  that  in  distilled  water,  and  had  also  determined 
what  influence  the  withdrawal  of  acid  was  producing  upon  the  real 
acidity  of  the  solution  (concentration  of  hydrogen  ions). 

This  we  have  been  enabled  to  carry  out  owing  to  the  kindness  of  Dr 
N.  T.  M.  Wilsmore  of  University  College,  who  not  only  placed  the  re- 
sources of  his  laboratory  at  our  disposal  but  with  infinite  pains  instructed 
us  in  the  use  of  the  gas-chain  battery  and  generally  looked  after  us 
while  we  made  the  observations.  Subsequently  we  installed  the 
apparatus  in  our  own  laboratory  and  repeated  the  determinations. 


•5 


N 
10 


Ordinates  =  milligrams 
AmOH  added  to  the 


?  3 

Fig.  6.     Influence  of  acid  upon  coagulation  rate  of  egg-albumen, 

per  c.c.  coagulated  per  minute.     Abscissea  =  number  of  c.c. 

original  acid  solution  per  gram  protein. 

The    particular   deposition    of    the   apparatus   we    used    was    that 

described  by  Wilsmore  (1900).     Two  hydrogen  electrodes  were  em- 

N 
ployed ;  one  dipped  into  —  HCl,  and  the  other  into  the  solution  whose 
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E.M.F.  was  to  be  measured.  The  two  cells  were  connected  by  a  vossf;! 
containing  a  saturated  solution  of  ammonium  nitrate,  in  order  to  mini- 
mise the  contact  potential  between  the  two  solutions.  The  temperature 
was  maintained  at  18'' C.  The  solutions  under  investigation  containe<l 
1  "/o  egg-albumen,  0*4^0  ammonium  sulphate  and  varying  ({uantities  of 

N 

-,_  AmOH.     After  adding  the  alkali  the  solutions  stood  overnight  in 

order  that  equilibrium  might  be  attained. 

We  first  ascertained  that  the  E.M.F.  given  when  one  cell  contained 

N  N 

--T  HCl  and  the  other  ..^^^  HCl  was  nearly  the  theoretical  value,  viz. 

10  1000  "^ 

•1154  volt.  In  the  series  of  observations  detailed  in  the  table  the  actual 
value  obtained  under  these  conditions  was  0*1150  volt.  The  small  error 
due  to  the  presence  of  0*4  Vo  Am2S04  in  one  cell  only  was  subsequently 
ascertained  to  be  +  004  volt  and  in  the  table  the  observed  values  for 
E.M.F.  have  been  corrected  by  this  amount. 

TABLE  VII.      Concentration  of  H"^  ions  in  0*99  "/o  solution  after  addition 

.  .  N 

of  various  quantities  of  :rj.  AmOH.     Total  volume  of  solution  constant. 

Solution  in  contact 
with  2nd  H.  electrode, 
N 
Solution  in  contact  ^•^-  Jq  ^"^'^*^  added  E.M.F.  volts  Calculated  concentration 

with  1st  H.  electrode,  pg^  grra.  protein  (corrected)  of  H+  ions 

N^  „  0-00  —  251  X  10-7  N. 

10  0-20  0-211  222  X -7  N. 

1-20  0-238  75-0     ,, 

2-20  0-263  27-7     ,, 

Acid        2-84  0-294  7-96  ,, 

I  3-17  0-316  3-33  ,, 

3-53  0-334  1-62  ,, 

3-60  0-344  109  ,, 


Neutral- 
alkaline 


4-35  0-360  0-58 

4-80  0-369  0-41 


The  results  of  these  observations  are  set  out  in  Table  VII,  where  the 
number  of  c.c.  —  AmOH  added  per  gram  of  proteid,  the  E.M.F.  observed 

and  the  concentration  of  hydrogen  ions  corresponding  thereto  appear  in 
parallel  columns.  Tlie  calculation  of  the  concentration  of  the  hydrogen 
ions  is  made  by  means  of  the  general  formula  of  Nernst  for  the  case  of 
similar  electrodes  and  solutions  containing  univalent  ions,  viz; 

^  ^^M^  ^         concentration  Hj"^ 
E.M.F.  =  O'OoYY  log.io — -■ u  '-f-  • 

"     concentration  Ho^ 
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The  results  permit  of  important  conclusions  regarding  the  composition 

of  our  egg-albumen  solution.     The  1  7o  sohition  of  egg-albumen  crystals, 

as  originally  made  up,  contained  a  concentration  of  free  acid  of  251  x  IQ-' 

N 
normal,  and  required  the  addition  of  40  c.c.  y^  AmOH  to  reduce  that 

concentration  to  that  of  pure  water,  so  that  the  total  acid  combined 
with  1  gram  of  protein  as  crystals  was  00004  equivalents  and  of 
this  amount  0*7  7o  was  free  in  the  solution.  Egg-albumen  crystals, 
crystallised  from  acetic  acid  ammonium  sulphate  solutions  were  shown 
by  Osborne  (1899)  to  consist  to  some  considerable  part  of  protein 
combined  with  acid  to  form  a  salt  or  series  of  salts.  What  in  our  solu- 
tions was  the  nature  of  the  acid  we  have  not  determined,  but,  as  they 
were  prepared  in  the  first  instance  from  a  solution  of  egg-white  (contain- 
ing excess  of  ammonium  sulphate)  and  subsequently  twice  recrystallised 
from  strong  ammonium  sulphate  solutions,  it  is  probable  that  the  acid 
radicle  was  804^  The  amount  of  hydrolysis  is  surprisingly  small,  when  we 
consider  that  the  solution  cannot  be  stronger  than  about  ^(jth  normal 
and  is  probably  less,  but,  as  we  are  at  present  ignorant  how  far  the 
protein  is  saturated  with  acid,  it  is  impossible  to  draw  any  conclusions  as 
to  the  strength  of  egg-albumen  as  a  base. 

Our  observations  do  not  afford  any  simple  explanation  of  the  effect 
of  acid  upon  the  coagulation  rate  of  a  protein  solution.  Having 
ascertained  that  "  heat  coagulation  "  was  a  reaction  between  the  protein 
and  water  in  which  heat  and  acid  play  the  subsidiary  part  of  accelera- 
tors we  thought  that,  as  is  the  case  with  the  hydrolysis  of  sugar,  the 
velocity  of  the  reaction  might  be  conditioned  by  the  concentration  of 
hydrogen  ions  present.     At  constant  temperature  the  rate  is,  however, 

not  entirely  dependent  upon  their  concentration,  as  ^^r — ^ — 

11+  concentration 

is  not  a  constant.  In  Fig.  7  the  logarithms  of  the  mean  coagulation  rate 
at  69°  C.  (Table  VI)  and  the  logarithms  of  the  hydrogen  ion  con- 
centration are  both  plotted  against  the  alkali  added  per  gram  of 
protein,  but,  although  indicating  a  certain  parallelism  in  the  mediate 
portion  of  the  curve,  there  is  clearly  another  factor  involved.  At  first 
(i.e.  near  the  neutral  point)  the  hydrogen  ion  concentration  rises  much 
more  quickly  than  the  coagulation  rate,  then  becomes  nearly  pro- 
portional and  finally  the  rate  of  coagulation  increases  more  rapidly 
than  the  concentration  of  the  hydrogen  ions. 

'  Osborne  (1899,  ii)  has  shown  that  crystals  of  Edestin  prepared  in  an  analogous 
manner  in  the  presence  of  NaCl  contain  the  chloride.  • 
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It  may  well  be  that  the  apparent  relation,  such  as  it  is,  of  coagula- 
tion rate  to  concentration  of  hydrogen  ions  is  a  spurious  one  and  that 
the  gradual  conversion  of  the  protein  to  protein  salt,  or  to  a  series  of 
protein  salts  of  increasing  acidity  and  different  velocity  coefficients 
accounts  for  the  influence  of  acid  upon  the  rate  of  coagulation. 


li 


-5 


10 


^•o 


Fig.  7.     Relation  between  average  velocity  of  egg-albumen  coagulation  and  the  concentra- 
tion of  free  acid  (H+  ions)  in  the  solution. 
#  —hydrogen  ion  concentration,  ordinates  =  logio  (concentration  of  H"*"  ions  x  10''). 
O  =  average  velocity  of  coagulation,  ordinate8  =  logio  (average  velocity  of  coagulation  x  10-). 

N 
AbscissaB  =  number  of  c.c.  —  AmOH  added  per  gram  protein  to  the  original  acid  solution. 


TABLE  VIII.     Effect  of  acid  upon  coagulation  rate  of  a  I'OOS^/o  solution^ 
oj"  egg -albumen,  comparison  oj"  sulphuric  and  acetic  acids. 

Temp.  =  70°  C,  time  =  55  minutes. 


Composition 
of  solution 

Control,  10  c.c.  albumen 
solution +  1  c.c.  HgO 

10  c.c.  albumen  solution 
+  0-33  c.c.  ^HaSO^ 
+  0-6  c.c.  H.^0 

10  c.c.  albumen  solution 

+  016~H,SO, 

N 
+  016  —  HA 

+  0-66  c.c.  HjO 


Amount  of  filtrate  after 

coagulation  taken 

for  analysis,  c.c. 


4-40 


4-81 


Weight  of 

coaguluni, 

grams 


0-0224 


0  0243 


Uncoagulated 

protein,  niprs.  per 

c.c.  filtrate 

91-2 


50-9 


50-5 


coagulated 


44-2 


44-6 


^  This  solution  has  been  made  neutral  to  litmus  with  ammonia. 
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We  thought  to  throw  light  upon  this  question  by  comparing  the 
effect  of  equivalent  quantities  of  sulphuric  acid  and  acetic  acid  upon 
coagulation  rate.  From  Table  VIII  it  will  be  seen  that  the  effect  of  the 
weaker  and  stronger  acids  was  almost  the  same.  At  first  this  appeared 
to  settle  the  matter  but  on  calculating  the  concentration  of  free  acid 
(about  N  X  10-')  it  was  of  such  a  dilution  that  even  acetic  acid  may 
be  considered  to  be  completely  ionised. 

We  cannot  therefore  decide  to  what  extent  the  influence  of  acid  upon 
the  reaction  rate  is  to  be  attributed  to  variation  of  hydrogen  ion  con- 
centration, and  to  alteration  in  the  nature  and  proportion  of  salts  of 
protein  in  the  solution  respectively. 

Diminution  of  free  acid  on  coagulation  of  egg -albumen. 

It  is  common  experience  that  on  heating  a  protein  solution,  pre- 
viously rendered  neutral  or  faintly  acid  to  litmus  paper,  it  becomes 
progressively  less  acid  or  even  alkaline  to  litmus  paper  as  coagulation 
proceeds.  Due  allowance  for  this  phenomenon  was  made  by  Halli- 
burton (1884,  p.  155)  when  using  the  fractional  coagulation  method  for 
separating  the  proteins  of  serum.  Corin  and  B^rard  (1888)  were  also 
aware  of  the  phenomenon  and  sought  to  compensate^  for  it  in  their 
endeavour  to  differentiate  the  proteins  in  egg-white.  Hay  craft  and 
Duggan  (1890)  suggested  that  the  phenomenon  might  account  for  the 
continual  "  raising  of  coagulation  temperature  "  during  the  progress  of 
coagulation. 

The  observations  detailed  in  a  previous  part  of  this  paper  confirming 
those  of  Spiro  and  Pemsel  (1898),  Osborne  (1899),  and  Erb  (1901), 
show  that,  when  acid  in  not  too  great  an  amount  is  added  to  solutions  of 
crystalline  egg-albumen,  the  greater  proportion  is  immediately  combined, 
but  a  small  amount  remains  free  owing  to  the  hydrolysis  of  the  salt. 

The  fate  on  coagulation  of  this  free  acid  was  quantitatively  investi- 
gated as  follows:  A  series  of  albumen  solutions  were  prepared,  all 
containing  approximately  1  7o  crystalline  egg  albumen,  but  possessed  of 
different  degrees  of  acidity.     The  concentration  of  H+  ions  in  these 

'  They  attempteu  to  adjust  the  reaction  of  the  filtrate  from  each  successive  coagulation 
to  the  same  point  by  first  adding  NaOH  until  it  just  showed  pink  with  phenol-phthalein 
and  then  adding  a  constant  amount  of  acid  per  unit  volume.  This  procedure  would  be 
guccesHful  were  it  not  for  the  fact  that  the  protein  content  varied  in  each  successive 
filtrate.  Corin  and  B6rard  were  unaware  of  the  salt  formation  of  proteins,  and  did  not 
realise  that  in  co!iHe(iuence  solutions  in  which  their  successive  fractions  were  coagulated 
were  progrcbsively  more  and  more  acid.  This  no  doubt  explains  partly  the  difference  in 
the  conclusions  arrived  at  by  these  authors  and  other  observers. 
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solutions  was  determined  both  before  and  after  the  solutions  had  been 
heated  to  90°  C.  for  5  minutes.     The  results  are  given  in  Table  IX., 

which  shows  that  for  small  concentration  of  acid,  up  to  y^r^TT^  nonnal, 

the  amount  withdrawn  from  the  solution  is  nearly  proportional  to  the 
initial  concentration  of  free  acid.  Above  this  strength  the  acid 
removed  becomes  proportionally  less. 

The  relation  has  not  been  further  investigated,  but  is  not  unlike  that 
found  in  absorption  phenomena.  We  found  that  egg-albumen  pre- 
cipitated by  heating  in  nearly  neutral  solution,  washed  and  added  to 

^-ry^  normal  HCl  removes  acid  from  the  solution. 

TABLE    IX.     Showing  the  amount  oj  acid  fixed  during  coagulation  of 
0*99  °/„  albumen  solutions  of  differing  acidity. 

Calculated 
E.M.F,,  volts  Calculated  concentration  of  equivalents 

Solution  in  Solution  in -^ ~  H+  ions  in  albumen  solution  of  acid 

contact  with  contact  witli  As  After  ^ •^ ^        fixed  per 

1st  II  electrode       2nd  II  electrode       vuadeup      heating  As  made  up  After  heating         gm. protein 

N  No.  1  alb.  sol.  -3010  -3451  6-07xlO-5'N.     1-04  x  IQ-^N.*  0-51  x  lO-^" 

10  No.  2       ,,  -2422  -3100  63-4        ,,  4-24       ,,  5-98     „ 

No.  3t     ,,  -1634  -2051  1470        ,,  279       ,,  131       „ 

No.  4t     ,,  -1097  -1192  12600     „  8590       „  459       ,, 

*  Neutrality  is  equivalent  to  '8  x  lO-''  N. 

t  Solutions  3  and  4  contained  "9170  ^^^  '^^^lo  albumen  respectively. 

Summary  and  Conclusions. 

The  process  of  "  heat  coagulation  "  has  been  studied  with  solutions 
of  crystallised  haemoglobin  and  crystallised  egg-albumen.  The  complete 
solubility  of  both  proteids  after  exposure  to  dry  heat  at  high  tempera- 
tures (110°  C.  —  ISO""  C.)  indicates  that  "heat  coagulation"  of  protein 
solutions  is  not  a  pure  temperature  effect,  but  a  reaction  between 
water  and  protein. 

In  the  case  of  solutions  of  haemoglobin  the  rate  of  coagulation  at  any 
moment  is  proportional  to  the  concentration  of  residual  haemoglobin,  i.e, 
it  is  a  reaction  of  the  first  order. 

Coagulation  of  solutions  of  egg-albumen  crystals  is  also  an  orderly 
time  process,  but  the  rate  decreases  more  rapidly  as  coagulation  proceeds 
than  can  be  accounted  for  by  the  decrease  in  concentration  of  uncoagu- 
lated  protein.  The  explanation  of  this  increased  complexity  is  attributed 
to  want  of  homogeneity  in  the  composition  of  egg-albumen  crystals,  and 
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to  the  changing  conditions  due  to  the  absorption  of  free  acid  by  the 
coagulum  as  formed,  see  below. 

The  conclusion  of  Osborne  that  egg-albumen  crystals  as  prepared 
by  Hopkins'  method  consist  of  salts  of  protein  with  the  acids  used  in 
tlieir  preparation  is  confirmed. 

In  the  case  of  1  %  solutions  of  egg-albumen,  twice  recrystallised 
from  ammonium  sulphate  solution,  the  combined  acid  was  equal  to 
0-0004  equivalents  per  gram  of  protein  and  the  proportion  of  acid  free 
was  0-7  7„  of  the  total  (0-0000251  N). 

On  addition  of  alkali  to  the  original  solution  most  was  employed  in 
decomposition  of  the  acid  protein  salts,  and  diminution  of  the  free  acid 
was  very  gradual. 

The  effect  of  acid  upon  coagulation  rate  was  studied  in  a  series  of 
respectively  less  and  less  acid,  neutral,  and  faintly  alkaline  solutions 
prepared  by  addition  of  different  amounts  of  alkali  to  the  original  acid 
solution. 

The  effect  of  acid  upon  coagulation  rate  is  considerable.  The 
addition  to  a  solution  of  egg  albumen  crystals  of  4  c.c.  j^  alkali  per 
gram  protein  {i.e.  the  amount  necessary  to  neutralise)  reduced  the 
reaction  rate  to  ^V^^* 

The  influence  of  acid  in  accelerating  the  coagulation  rate  of  a 
neutral  solution  of  egg-albumen  is  at  first  relatively  small ;  with  each 
successive  addition  of  acid  its  influence  becomes  disproportionately 
greater. 

The  mean  coagulation  rate  of  egg-albumen  is  not  directly  proportional 
to  the  hydrogen  ion  concentration.  The  velocity  of  the  reaction  in- 
creases at  first  more  slowly  and  subsequently  more  quickly  than  the 
hydrogen  ion  content.  It  is  possible  however  that  hydrogen  ion 
concentration  may  be  a  factor  in  determining  reaction  rate. 

As,  however,  most  of  the  acid  added,  combines  to  form  salts  it  may 
be  that  the  whole  or  part  of  its  effect  upon  reaction  rate  is  due  to  such 
salts  reacting  with  water  more  rapidly  than  protein  itself  and  the  more 
acid  salts  more  rapidly  than  the  less  acid  salts. 

The  free  acid  in  a  solution  of  egg-albumen  crystals  diminishes  and 
even  disappears  as  coagulation  proceeds.  The  quantity  of  free  acid 
fixed  by  the  coagulation  of  a  definite  quantity  of  protein  is  at  first 
nearly  proportional  to  the  concentration  of  free  acid ;  as  this  concentra- 
tion increases,  the  amount  fixed  falls  more  and  more  short  of  proportion- 
ality.    The  curve  suggests  that  the  phenomenon  is  one  of  adsorption 
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by  the  coagulated  particles,  as  protein  ainjady  coagulated  and  washed 
absorbs  free  acid  from  solutions  in  which  it  is  suspended. 

Coagulation  of  both  proteins  is  inHuenced  by  temperature  in 
accordance  with  the  Law  of  Arrhenius  or  some  similar  logarithmic  law. 
The  temperature  coefficient  is  exceedingly  high,  viz.  I  91  per  degree 
centigrade  for  egg-albumen  and  1*3  per  degree  for  haemoglobin. 

"  Heat  coagulation  "  is  a  reaction  between  protein  and  water  and 
the  effect  of  temperature  is  merely  to  accelerate  it.  The  reaction  has 
an  extraordinarily  high  temperature  coefficient  and  the  velocity  is 
influenced  to  a  marked  degree  by  a  variety  of  conditions,  most  important 
among  which  is  the  presence  of  acid.  It  is  improper  to  speak  of 
proteins  as  having  any  particular  "  coagulation  temperature  "  at  which 
they  are  thrown  out  of  solution.  Notwithstanding  this,  the  tempera- 
ture, at  which  under  precisely  similar  conditions  a  precipitate  is  first 
visible,  may  be  useful  in  differentiating  proteins,  and  can  even  be 
utilised  to  separate  to  some  extent  two  proteins  which  at  the  same 
temperature  are  possessed  of  greatly  different  reaction  rates. 

The  existence  of  an  optimum  temperature  of  the  reaction,  which  is 
characteristic  of  many  processes  in  which  proteins  in  solution  are 
concerned,  e.g.  various  enzyme  actions,  and  which  has  even  been  re- 
garded as  evidence  of  "  vital  action,"  distinguishing  these  reactions 
from  ordinary  chemical  ones,  (Duclaux,  1910)  is  capable  of  a  simple 
interpretation.  In  the  solution  two  processes  are  at  work :  (1)  the 
operations  under  the  influence  of  the  enzyme,  and  (2)  the  destruction 
of  the  enzyme  by  water.  If  the  influence  of  temperature  upon  the 
velocity  of  the  enzyme  destruction  is  greater  than  upon  the  velocity 
of  the  enzyme  action,  as  the  temperature  rises,  the  effect  of  the 
former,  negligible  at  first,  counteracts  the  latter  to  a  greater  and 
greater  extent,  and  a  point  must  sooner  or  later  be  reached  when  the 
rate  of  destruction  is  so  great  that  the  enzyme  action  is  rapidly 
arrested. 
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THE  FLEAS  COMMON  ON  RATS  IN  DIFFERENT  PARTS 
OF  THE  WORLD  AND  THE  READINESS  WITH 
WHICH   THEY   BITE    MAN. 

By  HARRIETTE  CHICK,  D.Sc, 
Assistant,  Lister  Institute  of  Preventive  Medicine, 

AND  C.  J.  MARTIN,  M.B.,  D.Sc,  F.R.S., 
Director  of  the  Lister  Institute  of  Preventive  Medicine. 

(With  Plate  11.) 


The  appetite  for  mankind  of  the  fleas  which  infest  rats  in  different 
parts  of  the  world  has  become  a  question  of  epidemiological  importance 
in  view  of  the  conclusion  now  generally  accepted,  that  in  the  present 
pandemic  these  parasites  play  the  principal  part  in  the  transmission  of 
plague  from  rat  to  rat  and  from  rat  to  man. 

Whether  rat  fleas  bite  man  has  been  much  controverted,  ever  since 
Ogata  (189G)  and  Simond  (1898)  put  forth  the  theory  that  bubonic 
plague  was  conveyed  by  infected  fleas.  The  difference  of  opinion  is  to 
some  extent  due  to  want  of  recognition  of  the  fact  that  rats  in  different 
parts  of  the  world,  and  also  when  living  under  varying  conditions  in  the 
same  part  of  the  world,  may  harbour  fleas  belonging  to  different  species. 
After  making  due  allowance  for  this  source  of  error,  however,  the  fact 
remains  that  two  observers  experimenting  with  the  same  species  of  fleas 
have,  not  infrequently,  come  to  opposite  conclusions.  It  is  therefore 
clear  that  the  number  of  observations  recorded  and  the  precise 
conditions  under  which  the  experiments  were  made  must  be  taken 
into  account. 

It  is  not  necessary  to  enumerate  all  the  species  of  flea  which  have, 
on  occasion,  been  captured  off  rats,  because  this  has  already  been  done 
by  Tiraboschi  (1904),  Shipley  (1908)  and  quite  recently  by  Rothschild 
(191 U).  From  the  point  of  view  of  epidemiology,  it  is  only  important 
to  know,  what  fleas  infest  rats  in  different  parts  of  the  world  and  whether 
these  fleas  bite  man  with  any  readiness. 
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Fleas  commonly  infestinrj  rats. 

Knowledge  on  this  point  is  incomplete.  It  is  only  recently  that  a 
large  number  ol"  rats  has  been  examined  with  this  object  and  so  far 
comparatively  few  localities  have  been  studied.  The  occurrence  of 
plague  in  a  locality  has  alone  provided  a  sufficient  excuse  for  taking  a 
census  of  the  fleas  infesting  the  rats. 

As  far  as  at  present  known  the  fleas  commonly  infesting  both  Mus 
rattus  and  Mus  decumanus  are  : 

1.  Xeno'psylla  cheopis  (Rothschild). 

Synon.     Pulex  cheopis  Rothschild,  1903. 
Pulex  pallidus  Tidswell,  1903. 
Pulex  hrasiliensis  Baker,  1904. 
Pulex  murinus  Tiraboschi,  1904. 
Pulex  philippinensis  Herzog,  1904. 
Loemopsylla  cheopis  (Rothsch.)  Rothschild  1908. 

2.  Ceratophyllus  fasciatus  (Bosc). 

3.  Ceratophyllus  anisus  Rothschild,  1907. 

4.  Ctenopsylla  musculi  (Dug5s). 

5.  Ctenophthalmus  agyrtes  (Heller). 

The  dog  flea  (Ctenocephaliis  cams),  the  cat  flea  {Ctenocephalus  felis), 
the  fowl  flea  {Echidnophaga  gallinacea)  and  the  human  flea  (Pidex 
irritans)  are  also  sometimes  found  upon  rats,  but  they  appear  to  be 
onl}^  occasional  visitors.  In  certain  localities,  however,  they  have  formed 
quite  a  considerable  proportion  of  the  fleas  captured.  Tiraboschi 
(1904,  p.  259)  states  that  in  several  regions  of  Italy  as  many  as  25%  to 
30  Yo  of  the  fleas  on  rats  were  dog  and  cat  fleas,  and  Verjbitski  (1908, 
p.  165)  found  Ct  felis  or  canis  on  12%  of  rats  (300)  in  Cronstadt.  In 
Dar-es-Salam  (German  East  Africa)  Echidnophaga  gallinacea  accounted 
for  22%  of  fleas  taken  off  rats  (Schuberg  and  Manteufel,  1910).  As 
may  be  seen  from  Table  I,  P.  iiTitans  has  seldom  been  found  except  in 
San  Francisco,  where  it  was  present  to  the  extent  of  9  %  of  the  total 
fleas  taken. 

Distribution  of  rat  fleas. 

The  particular  fleas  found  in  greatest  numbers  upon  rats  seem  to  be 
determined  by  geographical  position,  including  climate,  and  the  habitat 
of  the  rats  examined.  The  influence  of  species,  whether  Mus  decumanus 
or  Mus  rattus,  upon  the  parasite  carried  appears  to  be   indirect  and 
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biouo-lit  about  by  a  general  difference  in  the  mode  of  life  and  distribu- 
tion of  the  two  species. 

In  Table  I  below  we  have  collected  all  the  available  quantitative 
data  upon  the  subject  which  are  based  upon  the  examination  of  a 
sufficient  number  of  fleas  to  permit  the  facts  to  speak  for  themselves. 
The  results  are,  therefore,  independent  of  the  impressions  of  the  indi- 
vidual observers.  For  the  reason  mentioned  above  (p.  123)  such  data 
are  only  forthcoming  from  comparatively  few  places,  but  they  are 
sufficient  to  draw  certain  broad  conclusions,  as  to  the  distribution  of 
some  of  the  commonest  parasites  infesting  rats. 

*  As  an  instance  of  the  effect  of  geographical  position  independent 
of  climatic  conditions,  the  replacement  of  Ceratophyllus  fasciatus  by 
Ceratoplnjllus  anisus  in  Japan  (Kitasato,  1909)  may  be  mentioned,  and 
the  occurrence  of  Xenopsylla  scopulifer  Rothschild  only  in  Africa.  The 
influence  of  temperature  will  be  discussed  when  dealing  with  the 
distribution  of  Xenopsylla  cheopis. 

By  habitat,  we  mean  differences  in  conditions  and  mode  of  life 
depending  upon  whether  the  rats  live  in  the  fields,  sewers,  docks,  barns, 
stores,  granaries  or  poultry  houses,  &c.  These  varying  surroundings 
will  bring  the  rats  into  association  with  other  animals  and  some  amount 
of  exchange  of  parasites  may  take  place.  Provided  these  parasites  can 
flourish  upon  a  diet  of  rat-blood,  they  may  establish  themselves  locally 
on  these  rodents.  An  instance  is  the  prevalence  of  Ctenopsylla  musculi, 
the  common  mouse-flea,  upon  rats  living  under  conditions  in  which  rats 
ami  mice  cume  together,  such  as  in  barns,  provision  stores  and  on  some 
ships ;  the  presence  of  fowl-fleas  and  dog-fleas  in  considerable  numbers 
upon  rats  inhabiting  poultry  farms  and  stables  is  to  be  explained  in  the 
same  manner.  The  large  proportion,  52  ^O)  of  Ctenophthalmus  agyrtes 
found  by  Martin  and  Rowland  (1911)  upon  Mus  decumanus  living  in  the 
open  in  this  country  is  another  striking  illustration  of  the  case  in  point, 
the  usual  host  of  this  flea  being,  according  to  Rothschild,  the  field  vole. 

(1)  Xenopsylla  cheopis  (Rotlischild).  This  flea  was  described  by 
Rothschild  (l'J08  and  1906)  after  examination  of  specimens  taken  from 
several  small  rodents  in  Egypt  and  the  Soudan.  It  is  now  known  to  be 
the  common  rat  flea  in  the  tropical  and  sub-tropical  parts  of  the  world, 
occurring  in  some  regions  to  the  almost  entire  exclusion  of  other  species. 
In  India',  where  rat  fleas  were  very  extensively  examined  in  four  places, 

*  The  authorities  for  this  and  the  following  statements  are  given  in  the  last  column 
of  Table  I. 
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it  formed  nearly  100  7o  ^)^  ^11  t'l^'  ^^^  fleas  foiuid  in  three  instances 
(Table  I);  in  the  fourth  (Punjab)  the  same  was  true  in  the  warmer 
months,  2  "/o  of  Ceratophyllus  fasciatus  appeared  in  the  cooler  weather. 
In  Manila,  where,  however,  comparatively  few  fleas  (42)  were  examined, 
all  were  identified  as  Xenopsylla  cheopis. 

In  the  warmer  parts  of  the  temperate  regions,  e.g.  Mediterranean, 
Southern  Japan,  San  Francisco  and  Australia  as  far  south  as  Sydney,  it 
occurs  in  varying  proportion  according  to  the  time  of  year. 

Xenopsylla  cheopis  is  also  stated  to  be  common  on  rats  in  South 
Africa  and  Central  and  South  America  (Jordan  and  Rothschild,  1908). 

One  specimen  has  been  found  at  Plymouth  by  Giles  (1906)  and  this 
is  the  only  recorded  instance  of  its  appearance  in  this  country.  We 
have  no  doubt,  however,  that  it  would  be  frequently  found  if,  during 
September,  a  sufficiently  extensive  examination  were  made  of  rats  from 
ships  in  English  ports\ 

The  extensive  census  of  rat  fleas  in  various  parts  of  India  made 
throughout  the  }ear  by  the  Plague  Commission  (1908,  p.  266,  1910,  pp. 
460  and  524-)  shows  a  striking  maximum  for  flea  prevalence  {X.  cheopis) 
during  some  portion  of  the  year,  the  mean  number  infesting  rats  in- 
creasing three  to  ten  fold. 

In  those  temperate  climates  (Japan,  Sydney,  Marseilles)  where 
observations  have  been  directed  to  the  point,  a  seasonal  prevalence  of 
these  fleas  has  also  been  observed,  the  numbers  increasing  greatly  both 
actually  and  relatively  towards  the  end  of  summer  and  declining  with 
the  onset  of  cold  weather  (Kitasato,  1909;  Tidswell,  1910,  p.  20; 
Gauthier  and  Raybaud,  1910,  il.). 

(2)  Ceratophyllus  fasciatus  (Bosc.j.  This  species  is,  according  to 
Rothschild  (1906,  p.  483)  and  Tiraboschi  (1907,  p.  595),  the  common 
flea  upon  Mus  decumanus  and  3Ius  rattus  in  this  country  and  in  the 
northern  and  central  parts  of  Europe.  Galli  Valerio  (1900,  i.),  however, 
found  it  rarely  in  Lausanne.  He  believes  that  Ctenopsylla  muscnli  is 
the  usual  flea  on  rats  in  this  city  and  states  that  it  is  commonly 
present  in  Holland  and  at  Halle  and  that  he  himself  found  it  at 
Milan. 

Recently  Martin  and  Rowland  (1911)  found  it  to  constitute  ab.  ut 
one  half  (48  7o)  of  1057  fleas  taken  from  Mus  decumanus  in  Sufl:blk  and 
Elstree  (Herts.). 

^  Since  this  paper  was  written  Dr  Boycott  bas  taken  two  specimens  of  X.  cheopis  ofif 
Mus  decumanus  captured  at  Guy's  Hospital,  London,  S.E.  The  specimens  were  identified 
by  Mr  Rothschild, 
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TAI 

5LE   I. 

Percentage  of 

1 

i 

2S 

l^-S 

"Sif. 

°'l 

o  5^ 

a.--^ 
©^S' 

-1 

Locality 

Source 

Species 

^V 

^" 

>^5^ 

India:  Bombay 

Houses,gullies 
outbuildings 

M.  rattvs  and 
BI.  decumanus 

216,000 

100 



Poona  .. 

Houses,  out- 
buildings 

M.  rattus 

240,000 

100 

4  only 

Belgaum 

Houses 

>> 

380,600 

100 

— 

Punjab... 

Houses 

J5 

54,000 

98 

— 

Australia:  Brisbane 

— 

M.  rattus  and 
31.  decumanus 

103 

76-7 

— 

Sydney 

— 

>>           i> 

100 

81-0 

— 

,, 

— 

— 

1926 

61-8 

~ 

San  Francisco 

— 

M.  rattus  and 
31.  decumanus 

10,972 

21-4 

— 

»» 

— 

»>           j> 

15,554t 

32-1 

— 

„            (Oakland)... 

— 

31.  decumanus 

4140 

23-2 

— 

Manila 

— 

31.  rattus  and 
31.  decumanus 

42 

100 

— 

Africa:  Dar-es-Salam    ... 

— 

j»           11 

258 

66-6 

10-9 

Japan:  Yokohama,Tokio, 



— 

2713 

6-1 



and  other  large 

towns  (winter) 

Yokohama 

Ships 

31.  rattus 

— 

100 

— 

Awaji  Island  near 

^^ 



835 

45-5 

_ 

Kobe    (autumn) 

,,    (winter) 

— 

— 

4617 

20-2 

— 

Marseilles 

Ships 

31.  rattus 

250 

25-6 

— 

,1 

Town 

31.  decumanus 

52 

5-8 

— 

i» 

Ships 

31.  rattus 

2276 

92-7 

— 

»» 

Quays 

31.  decumanus 

2424 

33  0 

— 

>» 

Town 

*i 

4377 

50-4 

— 

Tunis 

— 

31.  rattus  and 
31.  decumanus 

1242 

83-6 

— 

Algeria:  Algiers 

— 

>>           >> 

2410 

59-7 

— 

Constantine  and 



>»           >> 

428 

35-9 

_ 

Oran 

Great  Britain  :  Suffolk  ... 

Rats  in  the  open 

31.  decumanus 

584 

— 

— 

>» 

Eats'  nests 

a 

215 

— 

— 

Herts.    ... 

»» 

M 

268 

— 

— 

•  In  some  cases  the  fleas 

are  not  described  by  these  authc 

Drities  in  accordance 

with  the 

latest  nomenclature ;  there  is,  however,  seldom  any  doubt  as  to  the  species  intended. 
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TABLE    I    (continued). 


total  fleas  belonging  to  the  various  species 


5*2 


A. 

■Si 


«    W    t<5 


—       2  only        —  — 


Observer 

Commission  for  Investigation  nf  Plague  in 
India  Report,  1«J07,  p.  412;  11J08,  p.  297. 
Ibid.  IDIO,  p.  524. 

Ibid.  1910,  p.  461. 

Ibid.  1907,  p.  914. 


(winteronly) 

17-5 

— 

5-8 

— 

— 

Tidswell,  1903,  p.  71. 

10 

8-0 

— 

1-0 

— 

— 

"              " 

10-9 

26-7 

— 

0-5 

— 

0-05 

„        1910,  p.  20. 

68-1 
52-0 

4-5 
4-6 

— 

0-5 

1-8 

— 

5-6 
9-4 

Surgeon  Rupert  Blue,  private  cc 

tion,  1908. 
Carroll  Fox,  1910. 

44-8 

31-6 

— 

0-2 

— 

0-2 

55                            55 

Herzog,  1905. 

— 

— 

— 

— 

22-5 

— 

Schuberg  and  Manteufel,  1910. 

66 -5:1: 

27-4 

— 

0-3 

— 

— 

Kitasato,  1909. 

58 -6: 

25-5 



3-9 

— 

— 

55                       55 
5)                       )5 

28 -i: 

20-7 

— 

0-03 

— 

0-1 

5t                       )5 

2-4 

71-2 

— 

— 

— 

0-8 

Gauthier  and  Raybaud,  1903. 

86-5 

3-8 

— 

3-8 

— 

— 

55                                             »»                              »» 

6-7 

0-5 

— 

0-1 

— 

— 

1910. 

51-5 

10-2 

— 

5-2 

— 

— 

,,                   >»             »» 

35-1 

7-9 

— 

6-4 

— 

— 

55                                            55                              »» 

5-1 

101 

— 

0-4 

— 

0-1 

Conseil,  1909. 

13-6 

20-1 

— 

6-3 

— 

0-4 

Raynaud,  1909. 

22-9 

36-9 

— 

4-3 

— 

— 

Billet,  1908. 

55-5 

— 

44-4 

— 

— 

— 

Martin  and  Rowland,  1911. 

47-0 

_ 

53-0 



— 

— 

,,                       >>             >> 

33-3 


—  66-7         — 


t  It  is  possible  that  some  of  these  fleas  may  be  included  among  those  previously  reported 
upon  by  Surgeon  Blue. 

X  These  numbers  refer  to  Ceratoplujllu^  anisus. 


1-28  Rat  Fleas 

In  warmer  temperate  regions  Ceratophyllus  fasciatus  together  with 
Xenopsi/lla  cheopis  forms  the  bulk  of  the  rat-flea  population,  e.g.  San 
Francisco,  where  out  of  a  total  of  10,972  rat  fleas  collected,  68  7o  were 
Ceratophyllus  fasciatus  and  21'4  7o  Xenopsylla  cheopis.  As  a  rule,  in 
such  climates,  the  proportion  of  the  former  increases  relatively  during  the 
winter,  and  that  of  the  latter  during  summer. 

Ceratophyllus  fasciatus  has  not  been  found  in  the  warmer  parts  of 
India,  but  in  the  Punjab  it  appears  during  the  cooler  half  of  the  year, 
November  to  March,  and  accounts  for  2  7o  of  the  total. 

In  the  Himalayas  (Simla)  this  flea  is  common. 

(8)  Ceratophyllus  anisus  Rothschild.  In  Japan  this  flea  appears  to 
occupy  the  position  assumed  by  Ceratophyllus  fasciatus  elsewhere 
(Kitasato,  1909),  occurring  to  a  relatively  larger  extent  in  the  winter 
than  in  the  summer,  when  Xenopsylla  cheopis  makes  its  appearance  in 
some  places  in  large  proportion. 

(4)  Ctenopsylla  muscidi  (Duges).  This  is  the  flea  which  usually 
infests  the  house  mouse,  Mus  musculus.  Tiraboschi  (1907,  p.  60)  found 
it  on  rats  in  all  parts  of  Italy,  but  less  frequently  on  Mus  decumanus 
than  on  Mus  rattus.  According  to  Verjbitski  (1904)  it  is  the  flea  most 
common  upon  rats  in  Cronstadt. 

As  may  be  seen  from  Table  I,  this  flea  furnishes  a  considerable 
contribution  to  the  total  fleas  harboured  by  rats  in  many  widely  separated 
parts  of  the  world  :  North  America,  Europe,  Japan,  Australia.  It  was 
rarely  found  in  India. 

It  is  sometimes  very  prevalent  upon  Mus  rattus  from  ships ;  on  one 
occasion  at  Marseilles,  among  250  fleas  from  this  source  Gauthier  and 
Raybaud  (1903)  identified  178  as  Ctenopsylla  musculi. 

(5)  Ctenophthalmus  agyrtes  (Heller).  According  to  Rothschild,  this 
flea  is  common  in  England  and  Europe  upon  field  mice  and  bank  voles 
and  occurs  also  on  Mus  decumanus  when  captured  in  the  open.  The 
recent  observations  of  Martin  and  Rowland  (1911)  on  the  fleas  from  rats 
living  on  farms  in  Suffolk,  Hertfordshire  and  Hampshire  showed  an 
unexpected  proportion  of  this  flea  to  be  present  (Table  I).  The  rats 
examined  were  living  in  burrows  in  the  fields  or  in  corn  stacks.  It 
appears  therefore  that  in  these  localities  Ctenophthalmus  agyrtes  accounts 
lor  about  half  of  the  fleas  infesting  rats  living  under  the  conditions 
mentioned.  Whether  the  same  obtains  in  other  rural  parts  of  England 
is  at  present  unknown. 
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Members  of  the  above  five  species  constitute  the  bulk  of  fleas,  which 
up  to  the  present  have  been  shov^^n  to  conninonly  occur  upon  rats. 

One  other  flea,  Xenopsylla  ficopulifer  Rothschild,  which,  according  to 
Schuberg  and  Mantcufel  (1910),  replaces  Xenopsylla  cheopis  to  some 
extent  in  German  East  Africa,  demands  mention.  It  was  described  by 
Rothschild  (1905)  and  obtained  off  Saccostomus  campestris  and  Mm 
auricomis  in  Zululand.     It  is  closely  allied  to  Xenopsylla  cheopis. 

The  readiness  ivith  tuhich  various  rat  fleas  attack  man. 

1.  Xenopsylla  cheopis.  That  this  flea  readily  feeds  on  man  was 
observed  by  Tidswell  (1903)  and  Gauthier  and  Raybaud  (1903).  This 
was  confirmed  by  Liston  (1904),  who  also  collected  many  observations 
showing  that,  in  the  absence  of  its  natural  host  the  rat,  X.  cheopis  is 
attracted  to  mankind.  This  fact  was  subsequently  confirmed  by  the 
Commission  for  Investigation  of  Plague  in  India  (Report,  1907,  p.  472 
and  1908,  p.  249). 

2.  Ceratophyllus  fasciatus.  With  regard  to  the  readiness  with 
which  this  flea  attacks  man  considerable  divergence  of  opinion  has 
hitherto  existed.  According  to  Wagner  (quoted  by  Tiraboschi  1904, 
p.  180),  Tiraboschi  (1904,  p.  266)  and  Galli-Valerio  (1907)  this  flea  does 
not  bite  man.  On  the  other  hand,  Gauthier  and  Raybaud  (1903  and 
1909)  and  McCoy  and  Mitzmain  (1909)  found  that  when  hungry  it  fed 
on  man  with  readiness. 

We  have  made  some  hundreds  of  experiments  on  this  question  and 
are  at  a  loss  to  understand  the  negative  conclusion  arrived  at  by  Tira- 
boschi and  Galli-Valerio. 

The  fleas  used  in  our  observations  had  been  bred  in  the  Institute 
and  were  kindly  placed  at  our  disposal  by  Professor  E.  A.  Minchin. 
The  fleas  were  caught  in  the  breeding  cages  and  placed  separately  in 
test  tubes,  whicii  were  kept  in  tins  or  jars  in  a  dark  cupbonrd  covered 
with  damp  cloths  to  prevent  undue  drying  of  the  atmosphere. 

The  fleas  were  starved  for  periods  varying  from  24  hours  to  14  days 
before  testing:  their  inclination  to  feed  on  man.  The  tubes  were  inverted 
upon  the  naked  skin  of  the  arm  of  the  subject  and  the  flea  carefully 
watched  for  a  period  of  two  minutes.  If  it  did  not  bite  during  this  time 
it  was  regarded  as  negative  for  our  experiments.  Frequently  the  flea 
attached  itself  instantly  or  within  a  few  seconds  and  began  to  feed  with- 
out delay;  sometimes  it  took  a  little  longer  to  get  started,  but  usually 
if  it  were  going  to  bite  at  all  it  did  so  before  one  minute  had  elapsed. 
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As  soon  cas  the  flea  attached  itself  the  tube  was  removed  and  the 
behaviour  of  the  insect  was  watched  with  a  hand-lens.  The  position 
assumed  was  generally  characteristic.  After  a  preliminary  investigation 
of  the  surface  with  the  tip  of  the  labium  and  the  maxillary  palps,  the 
insect  was  seen  to  press  its  head  firmly  on  to  the  skin  and  raise  its 
abdomen  steeply  into  the  air.  The  mandibles  and  epipharynx,  which 
constitute  the  "  pricker "  and  enter  the  skin,  are  too  small  to  be  seen 
with  a  magnification  of  10  to  20  diameters  but  the  labium  in  which 
these  parts  are  carried,  can  be  clearly  observed.  As  the  "  pricker "  is 
pressed  into  the  skin  the  slack  of  the  bifurcated  labium  is  either  bent 
in  the  form  of  two  bows  or  flexed  as  the  fingers  are  in  making  a  rest  for 
a  billiard  cue.  The  insect  is  so  much  absorbed  in  the  occupation  of 
sucking,  that  it  can  be  rotated  180  degrees  around  its  pricker  as  axis 
without  being  detached.  In  a  few  cases  in  which,  for  some  reason  or 
other,  notwithstanding  the  manifest  efforts  of  the  animal,  no  blood 
entered  the  stomach,  this  attachment  of  the  insect  was  regarded  as 
evidence  of  biting  for  statistical  purposes.  Usually,  however,  there  was 
no  difficulty  in  seeing  the  blood  entering  the  stomach  in  rapid  jets. 
A  pink  flush  spreads  over  the  anterior  portion  of  the  abdomen,  which 
gradually  reddens  as  the  stomach  becomes  distended. 

The  fleas  which  did  not  bite  usually  wandered  about  during  the  two 
minutes  they  were  under  observation,  and  in  some  cases  showed  evident 
dislike,  making  efforts  to  crawl  or  jump  back  into  the  tube,  away  from 
the  skin  of  the  subject. 

The  results  of  517  experiments  with  364  fleas  and  8  persons  are 
given  in  Table  II.  The  proportion  of  fleas  which  bit  varied  from  36^0  to 
77  7o,  giving  a  mean  value  for  man  of  59'6  7o-  The  variation  between 
different  people  is  large  enough  to  warrant  the  conclusion  that  the 
suggested  idiosyncrasy  is  a  reality. 

In  order  to  obtain  a  satisfactory  control  for  these  experiments,  a 
similar  set  were  undertaken,  using  the  rabbit  and  the  rat  as  subjects  ; 
the  results  are  also  given  in  Table  II.  The  experiments  were  in  all 
details  similar  to  the  above,  except  for  the  expedients  adopted  for 
keeping  the  animal  quiet  during  the  observations. 

The  rabbit  was  rolled  up  in  a  cloth,  and  remained  motionless  on  a 
table  in  a  sleepy  condition.  The  fleas  were  each  allowed  to  remain  for 
2  minutes  on  the  inside  of  the  ear.  32  fleas  were  tried  of  which  23  bit, 
a  proportion  of  72  "/o- 

The  rat  was  secured  by  a  similar  method.  Two  bandages  were  used, 
one  for  the  neck  and  shoulders,  and  one  for  the  thighs  and  legs,  leaving 
a  portion  of  the  abdominal  wall  free.     The  area  of  skin  upon  which  the 
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fleas  were  tried  was  shaved.  The  rat  was  hiid  on  its  back,  the  head 
comfortably  supported  with  a  pillow  of  cotton  wool,  and  kept  from  roll- 
ing away  by  fastening  the  ends  of  the  bandages  to  a  board  with  drawing 
pins.  The  rat  remained  perfectly  quiet  and  there  was  no  difficulty  in 
carrying  out  the  observations.      101  fleas  were  tried,  of  which  59  bit. 

Under  the  conditions  of  these  experiments  Geratophyllus  fasciatus 
fed  upon  man  as  readily  as  upon  a  rat. 

TABLE   II. 

C eratoiohyllus  fasciatus. 


Subject:—  C.J.M.    H.C.    A.M.  J.H.S.  H.Y.  G.F.P.  H.W.A.  S.R.    Summary  Rat    Rabbit 

Total  No.  of  Exps.      161     118       39       38       52       51        40        23         517  101       32 

Positive...  ...      106       65       30       12       36       25        19        15         308  59       23 

Negative  ...       55      53        9       21       16      26        21  8        209  42        9 

o/o  positive  ...       65-8   55-1    76-9   36-4   69-2   49-0     47'5     65-2       59-6  58-4   71-9 

Gage  experiments  with  Geratophyllus  fasciatus. 

The  readiness  with  which  G.  fasciatus,  if  hungry,  will  attach  itself 
to  man  was  demonstrated  in  the  following  manner.  The  rat  was  removed 
from  a  flea  breeding-cage,  into  which  100  fleas  had  been  placed  a  few 
days  previously.  Four  days  later,  the  hand  and  arm  of  a  number  of 
persons  were,  at  different  times  during  the  day,  placed  in  the  cage  and 
allowed  to  remain  there  for  two  minutes.  The  results  are  given  in 
Table  III,  where  it  is  seen  that  in  one  case  as  many  as  18  fleas  jumped 
upon  the  arm,  many  of  which  could  be  felt  at  once  to  bite  vigorously. 

TABLE   III. 

Cage  experime'nt  16.  xi.  10. 

Observer:-       C.J.M.  II.  C.  A.M.  J.  L.  C.     H.Y.   G.F.P.     H.A.      H.B. 

No.  of  fleas  found)  i         ^2         3  l         2 

upon  arm  after  l737  18  33  3  606         14 

2  mins.  j 

Further  observations  to  test  this  point  were  made  by  putting  the 
arm  into  cages  in  which  the  fleas  were  bred.  These  cages  consisted  of 
two  compartments,  separated  from  one  another  by  coarse-meshed  wire 
netting.  The  rat  inhabited  one  compartment,  and  the  other  served  as 
breeding  ground  for  the  fleas  which  could  freely  pass  from  one  to  the 
other.     When  the  hand  was  placed  in  the  compartment  containing  the 
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rat  the  result  was  negative,  but  when  inserted  into  the  other,  although 
within  six  inches  of  the  rat,  numbers  of  fleas  (in  one  case  40)  hopped  on 
to  the  arm,  and  most  of  them  fed  immediately. 

The  details  of  these  experiments  are  set  out  in  Table  IV  below. 

TABLE    IV. 

Cage  expei'iment  26.  xi.   10. 

No.  of  fleas  attaching 
themselves  in  1  minute, 
outside  rat  compartment 
Observer  Cage  No.  but  vi^ithin  6  inches  of  rat 

C.  J.  M.  1  8 

C.  J.  M.  2  40 

G.  K.  2  20 

The  bite  of  Ceratophyllus  fasciatus  was  not,  as  a  rule,  followed  by 
either  irritation  or  swelling.  In  the  case  of  one  individual,  however,  the 
results  were  very  distinct  and  lasted  for  several  days.  The  photograph 
reproduced  in  PI.  II  was  taken  48  hours  after  30  fleas  of  this  species 
had  been  placed  upon  the  arm.  Every  bite  was  followed  by  an  inflamed 
papule  surrounded  by  oedema.  The  irritation  was  considerable  and 
lasted  for  some  days. 

8.  Ctenojosylla  miisculi.  According  to  Galli-Valerio  (1900,  a  and 
b),  Tidswell  (1903)  and  Tiraboschi  (1904,  p.  282)  this  flea  does  not  bite 
man.  Verjbitski  (1908,  p.  164)  came  to  the  same  conclusion.  This 
observer  made  40  experiments  on  himself,  after  starving  the  fleas  for 
different  periods,  but  in  no  case  did  they  feed.  On  the  other  hand, 
McCoy  and  Mitzmain  (1909),  and  Gauthier  and  Raybaud  (1910)  found 
that  this  flea  would  occasionally  bite  man. 

McCoy  and  Mitzmain's  observations  were  made  with  15  fleas.  Each 
flea  was  tested  on  successive  davs  for  five  minutes  until  it  either  died  or 
escaped.  With  these  opportunities  eight  of  them  were  induced  to  feed 
on  at  least  one  occasion. 

In  our  own  experiments  the  fleas  were  bred  in  the  Institute  in 
cages  with  mice.  From  a  cage  started  in  December  1910,  enough  fleas 
were  obtained  on  January  14,  1911,  for  a  satisfactory  experiment,  viz.: 
71  fleas.  On  the  day  following  their  removal  from  the  cage  only 
46  were  still  alive.  This  species  would  appear  to  be  less  robust  than 
either  (kratoplnjlluH  fasciatus  or  Ctenophthalmus  agyrtes,  a  fact  also 
noted  by   McCoy  and  Mitzmain. 

With  these  46  fleas,  starved  for  24  hours,  the  111  experiments  set 
forth  in  Table  V  were  made;  4  of  the  fleas  bit  and  remained  attached 
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^uith  Ct( 

snopsylla 

musculi, 

14. 

I.  11. 

Subject 

H.  c. 

C.J.  M. 

S.  R. 

s 

iummarj 

No.  of  Experiments 

36 

47 

28 

111 

Positive 

1 

1 

2 

4 

Negative 

35 

46 

26 

107 

%  positive 

— 

— 

— 

3-6 
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for  several  minutes,  in  fact  until  removed.  In  only  one  of  these  was 
blood  found  at  the  subsequent  examination.  11  fleas  which  had  given 
negative  results  were  placed  upon  the  shaved  abdomen  of  a  mouse ;  9  of 
them  fed.  The  same  conditions  obtained  as  in  the  case  of  CeratopliylluH 
fasciatus  and  the  fleas  were  allowed  to  remain  on  the  skin  for  two 
minutes  only. 

TABLE  V. 


Mouse 
11 

9 
2 

81-8 

Our  results  are  in  agreement  with  those  of  McCoy  and  Mitzmain 
and  Gauthier  and  Raybaud.  This  flea  will  occasionally  bite  man,  but 
it  evinces  small  inclination  to  do  so. 

4.  Ctenophthahnus  agyrtes.  No  observations  to  determine  whether 
this  species  bites  man  have,  as  far  as  we  know,  been  previously  made. 

The  fleas  for  our  experiments  were  obtained  from  rats  and  rats'  nests 
examined  during  the  investigation  of  plague  among  rats  in  Suffolk 
(November  1910  to  January  1911)  by  Marlin  and  Rowland  (1911). 

In  all  98  experiments  were  made  with  68  fleas  and  four  persons 
(C.J.  M.,  H.  C,  S.  R,  and  A.  M.);  in  every  case  the  result  was  negative. 

As  control,  some  of  the  fleas,  which  would  not  feed  upon  man,  were 
tested  upon  a  rat.  Unfortunately  we  omitted  to  do  this  until  our 
supply  was  nearly  exhausted  and  the  number  of  fleas  constituting  the 
control  was  only  19.  These  19  were  placed  upon  the  arm  and  allowed 
to  remain  for  two  minutes  with  negative  result.  Immediately  afterwards 
they  were  placed  upon  the  shaved  skin  of  a  rat  (in  the  manner  described 
above)  under  precisely  similar  circumstances  as  those  in  which  they  had 
failed  to  bite  us.     11  fastened  upon  the  rat  and  fed. 

We  have  not  yet  succeeded  in  breeding  a  supply  of  Ctenophthalmus 
agyrtes,  so  that  our  experiments  are  not  so  numerous  as  with  Ceratophyllus 
fasciatus,  but  they  show  that  the  former  flea  exhibits  no  inclination 
to  feed  upon  man. 

The  following  experiment  described  by  Rowland  and  one  of  us 
(1911)  illustrates  the  difference  between  Ceratophyllus  fasciatus  and 
Ctenophthalmus  agyrtes  as  regards  their  appetite  for  man.  A  bottle  con- 
taining 23  unidentified  fleas,  taken  from  wild  rats  three  days  previously, 
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was  inverted  upon  the  arm  of  one  of  the  authors  (S.  R.).  Eleven 
attached  themselves  and  remained  feeding;  the  remainder,  12,  were 
shaken  back  into  the  bottle.  The  11  which  had  fed  were  chloroformed 
and  on  examination  were  identified  as  Geratophyllus  fasciatus.  The 
remaining  12  were  placed  upon  C.  J.  M. ;  one  fed  and  this  also  was 
identified  as  Ceratophyllus  fasciatus.  The  11,  which  had  bitten  neither 
observer,  were  found  to  consist  of  eight  Ctenophthalmus  agyrtes  and  three 
Ceratophyllus  fasciatus. 

Summary. 

(1)  As  far  as  is  at  present  knoion,  the  great  majority  of  the  fleas 
infesting  Mus  rattus  and  3fus  decumanus  in  different  parts  of  the  world, 
belong  to  either  the  species  Xenopsylla  cheopis,  Geratophyllus  fasciatus, 
Ceratophyllus  anisus,  Ctenopsylla  musculi  or  Ctenophthahnus  agyrtes  or 
are  comprised  of  some  admixture  of  these  five  species. 

(2)  Xenopsylla  cheopis  is  the  most  prevalent  in  the  tropics  and 
sub-tropical  regions  and  often  occurs  there  to  the  almost  complete 
exclusion  of  other  species.  It  is  common  during  summer  and  autumn  in 
some  of  the  warmer  parts  of  the  temperate  zone,  more  especially  in  ports 
which  have  maritime  intercourse  with  the  tropics. 

(3)  In  the  cooler  regions  Ceratophyllus  fasciatus  is  the  most  uni- 
versally distributed  flea  and  is  associated  with  more  or  less  of  Ctenopsylla 
musculi  and  Ctenophthahnus  agyrtes  according  to  the  locality  and  the 
habitat  of  the  particular  rats. 

(4)  In  Japan  Ceratophyllus  fasciatus  is  replaced  by  Ceratophyllus 
anisus,  a  closely  allied  species. 

(5)  The  numerous  other  fleas  which  have  been  captured  off  rats  are 
only  occasional  visitors. 

(6)  Ceratophyllus  fasciatus,  like  Xenopsylla  cheopis,  readily  bites 
man.  Out  of  517  experiments  308  fed,  or  59  7o  were  positive.  In  101 
experiments,  under  identical  circumstances  with  a  rat,  59,  or  584  7o  of 
the  fleas  fed. 

(7)  The  experiments  with  Ceratophyllus  fasciatus  were  made  upon 
eight  persons  and  evidence  was  obtained  of  preference  on  the  part 
of  the  insects  for  particular  individuals. 

(8)  111  experiments  were  made  with  46  specimens  of  Ctenopsylla 
musculi ;  only  4  fed  =  3*6  '%,  whereas  9  out  of  11  fed  on  a  mouse. 

(9)  68  specimens  of  Ctenophthalmus  agyrtes  were  tried,  in  some 
cases  upon  three  persons.  None  fed,  whereas  11  out  of  19  of  the  same 
fleas  fed  on  a  rat  under  identical  conditions. 
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General  Conclusion. 

Xenopsylla  cheopis  and  Ceratophyllas  fasciatus  are  the  species  of  rat 
fleas  which,  when  hungry,  readily  bite  man.  There  is  no  reason  to 
suppose  that,  other  things  being  equal,  Geratophyllus  fasciatus  would 
not  be  as  efficient  an  agent  in  the  transmission  of  plague  from  rat  to 
man  as  Xenopsylla  cheopis  has  been  shown  to  be  in  India. 


REFERENCES. 

Billet  (1908).     Peste  en  Alg^rie,  1907.     Recherches  particuli^res  sur  les  rats,  leurs 

ectoparasites,  etc.  dans  le  Departement  de  Constantine.    Bull.  Soc.  Path,  exotique^ 

Vol.  L  p.  111. 
Commission  for  Investigation  of  Plague  in  India,  Reports  of.     Journal  of  Hygiene^ 

Vol.  VL  1906  ;  Vol.  vn.  1907  ;  Vol.  vin.  1908  ;  Vol.  x.  1910. 
CoNSEiL,  E.  (1909).     Recherches  sur  la  peste  en  Tunisie.    Bull.  Soc.  Path,  exotique, 

Vol.  II.  p.  324. 
Fox,  Carroll  (1910).    The  flea  and  its  relation  to  plague.    Article  in  "  The  rat  and 

its  relation  to  the  pubhc  health,"  published  by  the  Treasury  department  and 

Marine- Hospital  Service  of  the  United  States,  Washington,  1910. 
Galli-Valerio  (1900,  a).     Les  puces  des  rats  et  des  souris,  jouent-elles  un  role 

important  dans  la  transmission  de  la  peste  bubonique  k  I'homme  '?    Centralbl.  f. 

Bakt.  1.  Abt.  Vol.  xxvii.  p.  1, 

(1900,  h).     Quelques  observations  sur  la  transmission  de  la  peste  bubonique 

par  les  puces  des  rats  et  des  souris.     Centralbl.  f.  Bakt.  i.  Abt.  Vol.  xxviii. 
p.  842. 

(1907).     L'etat  actuel  de  nos   connaissances  sur  le  role  des  puces  dans  la 

transmission  de  la  peste  bubonique.     Centralbl.  f.  Bakt.  i.  Abt.  Vol.  xxxix. 
p.  625. 

Gauthier  and  Raybadd  (1903).  Recherches  experimentales  sur  le  role  des  para- 
sites du  rat  dans  la  transmission  de  la  peste.  Revue  di'Hygiene  et  de  Police 
sanitaire.  Vol.  xxv.  No.  5. 

(1909).    La  puce  du  rat  {Geratophyllus  fasciatus)  pique  I'homme.     Compt.  Rend. 

Soc.  de  Biol.  Vol.  lxvii.  p.  859. 

(1910,  a).     Des  varietes  de  pullicides  trouves  sur  les  rats  a  Marseille.     C.  R. 

Soc.  de  Biol.  Vol.  lxviii.  p.  198. 

(1910,  b).     Les  puces  du  rat,  Ceratophyllus  fasciatus  et  Ctenopsylla  musculi, 

piquent  I'homme.     Compt.  Rend.  Soc.  de  Biol.  Vol.  lxviii.  p.  941. 

Giles  (1906).  How  to  recognise  the  species  of  Pulex  possibly  concerned  in  the 
transmission  of  plague.     Journ.   Trop.  Med.  Vol.  ix.  p.  190. 

Herzog  (1905).  Zur  Frage  der  Pestverbreitung  durch  Insecten.  Zeitsch.  f.  Hyg. 
Vol.  li.  p.  268. 


136  Rcit  Fleas 

Jordan  and  Rothschild  (1908).    Revision  of  the  non-combed  Siphonaptera.    Para- 
sitology, Vol.  I.  p.  1. 
KiTASATO  (1909).     Rat-fieas  with  their  special  reference  to  the  transmission  of  plague 

in  Japan.     Trans.  Bombay  Med.  Congr.,  1909,  p.  93. 
LiSTON,  W.  G.  (1904).     Plague,  rats  and  fleas.     Journ.  Bombay  Nat.  Hist.  Soc.  Vol. 

XVI.  \>.  253. 
McCoy  and  Mitzmain  (1909).     Experimental  Investigation  of  biting  of  man  by  fleas 

from  rats  and  squirrels.     Reports  of  Public  Health  and  Marine- Hospital  Service 

of  the  United  States,  Vol.  xxiv.  No.  8. 
Martin    and    Rowland    (1911).      Observations    on    rat-plague  in   East  Suffolk. 

Appendiv  to  the  Report  of  the  Medical  Offi.cer  to  the  Local  Govt.  Board. 
Ogata,  M.  (1896).    Ueber  die  Pestepidemie  in  Formosa.    Centralbl.  f.  Bakt.  i.  Abt. 

Vol.  XXI.  p.  774. 
Raynaud,  L.  (1909).     Prophylaxie  de  la  peste  en  Algerie.     Revue  d' Hygiene  et  de 

Police  sanitaire,  Vol.  xxxi.  p.  101. 
Rothschild  (1903).     New  species  of  Siphonaptera  from  Egypt  and  the  Soudan. 

Entom.  Monthly  Mag.  Vol.  xxxix.  p.  83. 

(1905).     Some  new  Siphonaptera.     Novitates  Zoologicae,  Vol.  xii. 

(1906).     Note  on  the  species  of  fleas  found  upon  rats  in  different  parts  of  the 

world.     Journal  of  Hygiene,  Vol.  vi.  p.  483. 

(1910).     A  synopsis  of  the  fleas  found  on  Mus  norwegicus  decumanus,  Mus  rattus 

alex'andri mts  and  Mus  musculus.     Bull,  of  Entomol.  Res.  Vol.  i.  p.  89. 

ScHUBERG  and  Manteufel  (1910).     Rattenflohe  aus  Deutsch-Ostafrica.     Arb.  a.  d. 

Kais.  Gesundheitsamte,  Vol.  xxxiii.  p.  559. 
Shipley  (1908).     Rats  and  their  animal  parasites.     Journ.  of  Economic  Biology, 

Vol.  iiL  No.  3,  p.  61. 
Simond   (1898).     La  propagation  de  la  peste.     Ann.  de  VInst.  Pasteur,  Vol.  xii. 

p.  625. 
T  IDS  WELL  (1903).    Report  of  the  Board  of  Health  on  the  second  Outbreak  of  Plague  at 

Sydney  in  1902,  p.  71. 

(1910).     Report  of  the  Government  Microbiol.  Dept.  New  South  Wales  for  1909, 

p.  20. 

TiRABOSCHi  (1904).     Les  rats,  les  souris  et  leurs   parasites  cutanes.     Archiv.  de 
Parasitol.  Vol.  viii.  p.  161. 

(1907).     fitat  actuel  de   la   question   du  vehicule  de   la   peste.     Archiv.   de 

Parasitol.   Vo\.  ii.  p.  545. 

Verjritski,  D.  T.  (1908).    The  part  played  by  insects  in  the  epidemiology  of  plague. 
Journal  of  Hygiene,  Vol.  vin.  p.  162. 


JOURNAL    OF    HYGIENE,    VOL.    XL     NO.    I 


PLATE    II 


Forearm  of  A.  M.   48  hours  after  30  •'  Ceratophyllus  fasciatus  "  had  been 
placed  upon  it,  24  of  the  fleas  having  fed. 
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An  Examination  of  the  Blood  Serum  of  Idiots  by  the 

Wassermann  Reaction.^ 

Bv    H.    E.    Dean,    M.B. 


The  examination  of  the  blood  serum  of  idiots  by  the  Wassermann 
reaction  has  been  the  subject  of  several  papers.  Raviart,  Breton,  Petit, 
Gayet,  and  Cannae  [6]  examined  246  cases,  of  which  76  were  found  to 
give  a  positive  reaction.  Kellner,  Clemenz,  Bruckner,  and  Rauten- 
berg  [2]  examined  216  cases,  of  which  13  gave  a  positive  reaction  by 
Stern's  method  and  9  gave  a  positive  reaction  by  the  original  Wasser- 
mann method.  To  the  13  cases  must  be  added  3  cases  which  were 
deficient  in  complement  and  were  found  to  be  positive  by  the  original 
method.  H.  Lippmann  [4],  working  in  Wassermann's  laboratory, 
examined  78  cases  at  Uchtspring,  and  obtained  a  positive  reaction  in 
7  cases — that  is  to  say,  9  per  cent.  An  examination  of  the  cases  at 
the  Dalldorf  Asylum  gave  a  result  of  13' 2  per  cent.  Lippmann  also 
examined  77  cases  by  clinical  methods,  and  decided  that  40"2  per  cent, 
showed  signs  of  congenital  syphilis. 

At  the  suggestion  of  Professor  Wassermann,  I  investigated  the 
inmates  of  the  Wilhelmstift,  an  asylum  for  idiots  at  Potsdam.  The 
inmates  were  all  children  or  young  adults,  and  the  majority  were  cases 
of  simple  idiocy  or  imbecility.  The  method  was  as  follows :  (1)  All  the 
cases  were  examined  for  evidence  of  congenital  syphilis ;   (2)   a  sample 

'  From  the  Serological  Department  of  the  Royal  Institute  for  Infective  Diseases  in  Berlin. 
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of  blood  was  taken  from  the  arm  vein  and  tested  by  the  Wassermann 
reaction ;  (3)  subsequently  the  cases  which  had  given  a  positive  reaction 
were  submitted  to  a  further  clinical  examination.  The  serum  test  was 
carried  out  strictly  in  accordance  with  the  original  method,  and  watery 
extract  of  congenital  syphilitic  liver  was  used  as  antigen  in  all  cases. 
The  extracts  and  the  hsemolytic  system  were  carefully  standardized  by 
titration,  and  in  the  actual  test  adequate  controls  from  well-authenticated 
cases  were  invariably  employed.  No  test  was  considered  positive  when 
more  than  the  slightest  trace  of  haemolysis  could  be  detected ;  330 
cases  were  examined,  of  which  51  gave  a  positive  reaction — that  is 
to  say,  15'4  per  cent.  Among  the  51  cases  which  gave  a  positive  serum 
reaction,  7  were  found  which  had  definite  signs  of  syphilis,  and  3  or  4 
in  which  syphilis  might  have  been  suspected  but  not  with  certainty 
diagnosed.  There  w^ei'e  2  cases  with  definite  signs,  which  gave  a 
negative  reaction.  That  is  to  say,  among  the  330  patients  were  9,  or 
including  the  doubtful  cases  13,  which  from  physical  signs  and  sym- 
ptoms would  have  justified  the  diagnosis  of  syphilis.  The  results  in 
detail  were  as  follows : — 


Simple  idiocy  of  all  grades 
Congenital   spastic  diplegia  (Little's  disease) 
Marked  hydrocephalus 
Epilei)sy 

Microcephalic  cases 
^longols 

Deaf  and  dumb    ... 
Progressive  muscular  dystrophy,  with  mental 
symptoms 


Cases  exam 

ned 

Positive 

287 

44 

15 

1 

14 

4 

1 

1 

4 

— 

1 

— 

7 

1 

All  the  cases  which  gave  a  positive  serum  reaction  were  subsequently 
very  carefully  examined  with  the  object  (1)  of  discovering  any  sign  of 
syphilis,  which  had  been  previously  overlooked,  and  (2)  of  detecting  any 
symptom  or  group  of  symptoms  common  to  all  the  positive  cases.  Of 
the  positive  cases,  one  was  subject  to  epileptiform  convulsions  and 
showed  slight  choreic  movements,  one  had  strabismus  and  nystagmus, 
one  had  a  right-sided  hemiplegia,  one  had  spastic  diplegia  and  conformed 
to  the  type  of  Jjittlc's  disease,  one  was  a  deaf-mute,  two  were  aphasic. 
Among  the  remaining  cases  I  was  unable  to  detect  any  evidence  of  a 
local  lesion. 

An  examination  was  made  of  the  cerebrospinal  fluid  from  12  cases, 
which  had  given  a  positive  serum  reaction.  In  only  one  case  was  a 
positive  reaction  obtained.     1  also  obtained  for  examination  specimens 
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of  serum  from  the  parents  of  10  of  the  positive  cases.     The  results  were 
as  follows : — 


Initial  of  patient's 

Age 

Result  of  examination  of 

name 

of  patient 

parents'  serum 

B. 

9 

Father  positive 
Mother 

Har. 

15 

>  >            1 » 

Kr. 

11 

Father       ,, 
Mother      ,, 

M. 

11 

Father       ,, 

V. 

13 

Mother      ,, 

0. 

11 

Father  negative 

Sc. 

16 

,,       positive 

R. 

12 

,,       negative 

N. 

9 

> )            J  > 
Mother      ,, 

He. 

14 

,,       positive 

Thus  among  13  parents  of  children  giving  a  positive  reaction,  9  were 
found  to  give  a  positive  reaction. 

It  will  be  noticed  that  in  the  above  table  in  the  case  of  the  patient 
Har.  a  positive  reaction  was  obtained  at  an  interval  of  fifteen,  and  in  the 
case  of  Sc.  at  an  interval  of  sixteen,  years  after  the  birth  of  a  syphilitic 
child.  The  period  during  which  a  positive  reaction  may  be  obtained  is 
known  to  be  extremely  variable  in  th6  case  of  the  acquired  form  of  the 
disease.  In  the  congenital  form  it  might  be  expected  that  the  per- 
centage of  positive  results  would  bear  a  close  relation  to  the  age  of  the 
patients  examined.  A  grouping  of  the  330  cases  according  to  age  gives 
the  following  result : — 


(I)    Patients  aged  10  and  under  (of  these 

two  only  were  less  than  5  years  old) 

(II)     Patients  from  11  up  to  15  years  of  age 

inclusive 

(III)     Patients  from  16  to  20  years  of  age    ... 

Of  patients  aged  from  21  to  30,  24  were  examined  with  3  positive  results. 
The  remaining  8  patients  ranged  in  age  from  31  to  44,  and  all  8  gave  a  negative 
reaction. 

The  above  table  appears  to  show  that  the  percentage  of  positive 
results  diminishes  rapidly  after  the  sixteenth  year,  and  that  a  larger 
percentage  of  positive  results  might  be  expected  from  the  examination 
of  a  series  of  very  young  cases.  In  any  case,  the  average  age  of  the 
patients  investigated  must  be  regarded  as  an  important  factor  in  any 
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Percentage  of 
positive  results 

94 

20 

21-27 

142 

24 

16-9 

66 

4 
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estimation  of  the  prevalence  of  congenital  syphilis,  and  it  seems  to  me 
possible  til  at  the  very  contradictory  results  already  published  may  be 
reconciled  by  taking  the  age  factor  into  consideration.  Of  the  51  cases 
in  which  a  positive  serum  reaction  was  obtained,  7  only  showed  con- 
clusive evidence  of  congenital  syphilis  from  a  clinical  standpoint.  In 
the  remaining  44  cases  a  diagnosis  of  syphilis  rested  on  the  evidence 
of  the  serum  test. 

At  the  present  time  it  is,  I  think,  generally  admitted  that  a  positive 
result  obtained  by  the  Wassermann  reaction  affords  strong  evidence  of 
a  syphilitic  infection,  and  it  is  superfluous  for  me  to  cite  evidence  in 
support  of  its  reliability.  The  practical  value  of  the  test  must  neces- 
sarily be  measured  by  the  number  of  those  cases  in  which  the  positive 
serum  reaction  is  the  only  obtainable  sign  of  a  syphilitic  infection.  In 
cases  where  latent  syphilis  is  suspected,  a  single  negative  result  affords 
little  information,  but  the  value  of  a  positive  result  has  been  established 
beyond  doubt.  In  this  connexion  great  interest  has  been  aroused  by 
the  cases  reported  by  Plant  and  others,  in  which  the  husband  or  wife 
of  a  syphilitic  has  been  shown  to  give  a  positive  reaction,  but  has 
never  shown  any  sign  or  symptom  of  the  disease.  It  is  even  held 
that  the  serum  reaction  may  be  the  only  sign  from  first  to  last  of  a 
syphilitic  infection.  Linser  [3],  quoted  by  Bruck  [1],  has  examined 
a  series  of  children  of  syphilitic  patients,  and  finds  that  two-thirds  give 
a  positive  serum  reaction,  while  only  one-third  show  any  other  sign  of 
infection.  Numerous  cases  are  also  on  record  in  which  it  has  been 
demonstrated  that  the  apparently  healthy  mothers  of  syphilitic  children 
give  a  positive  reaction,  and,  conversely,  the  serum  test  has  been  positive 
in  apparently  healthy  children  of  syphilitic  mothers.  The  numerous 
investigations  on  these  lines  tend  to  prove  that  the  evidence  of  a  positive 
serum  reaction  may  be  accepted  even  in  the  absence  of  the  usual  signs 
a<nd  symptoms  of  the  disease.  If,  however,  it  is  granted  that  the  51 
cases  of  this  series  were  the  subjects  of  congenital  syphilis,  or  at  least 
the  children  of  syphilitic  parents,  it  still  remains  open  to  question 
whether  there  is  any  evidence  of  a  causal  relation  between  syphilis  and 
idiocy.  It  might  very  reasonably  be  held  that  the  two  conditions  were 
unconnected,  or  that  syphilis  effected  a  very  remote  influence,  as  a 
predisposing  cause,  by  in  some  way  impairing  the  vitality  of  the  parent 
or  offspring.  It  can  also  be  maintained  that  a  high  percentage  of  con- 
genital syphilis  is  to  be  expected  among  the  children  of  parents  whose 
mental  and  moral  faculties  are  presumably  below  the  average  level. 

J  had  hoped  that  by  a  careful  examination  of  those  cases  which  had 
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given  a  positive  result  to  the  serum  test  it  might  be  possible  to  detect 
some  symptom  or  group  of  symptoms  which  was  common  to  all.  This 
I  failed  to  do.  Very  few  of  the  positive  cases  showed  any  evidence  of 
a  gross  lesion  in  the  central  nervous  system;  and  this,  I  think,  is  quite 
in  accordance  with  what  one  might  expect,  for  the  gross  changes  in  the 
brain  which  are  known  to  be  due  to  congenital  syphilis  are  not  com- 
patible, as  a  rule,  with  a  continuance  of  life.  If  a  causal  relation  exists 
between  congenital  syphilis  and  idiocy,  the  condition  which  arises  may 
perhaps  be  classed  as  parasyphilitic.  The  absence  of  the  ordinary  signs 
of  congenital  syphilis  in  idiocy  is  closely  paralleled  in  the  already  authen- 
ticated parasyphilitic  diseases.  It  is,  of  course,  notorious  that  tabes  and 
general  paralysis  commonly  occur  in  patients  where  the  early  symptoms 
of  syphilis  have  been  mild  or  even  unnoticed.  Among  the  cases  of  the 
juvenile  form  of  general  paralysis  collected  by  Mott  [5]  quite  half  were 
found  to  show  no  sign  of  congenital  syphilis,  but  nevertheless  to  have 
been  born  of  syphilitic  parents  and  to  have  brothers  and  sisters  who 
exhibited  the  ordinary  signs  of  the  disease. 

It  seems  to  me  reasonable  to  think  that  many  cases  of  idiocy  should 
be  classed  with  that  form  of  syphilis  which  manifests  itself  alone  by  a 
selective  toxic  action  on  the  elements  of  the  central  nervous  system.  I 
do  not  wish  to  attach  an  exaggerated  importance  to  the  results  of  the 
examination  of  the  serum  in  one  series  of  cases,  but  when  it  can  be 
shown  that  a  considerable  percentage  of  idiots  afford  evidence  of  a 
syphilitic  infection,  and  since  it  is  well  known  that  the  virus  of  syphilis 
is  capable  of  exercising  a  selective  action  on  the  central  nervous  system 
in  cases  in  which  there  is  no  other  evidence  of  the  disease,  I  think  it  is 
not  unreasonable  to  infer  a  causal  relation  between  the  two  conditions. 

From  the  therapeutical  standpoint  it  is  hardly,  I  think,  to  be  expected 
that  any  improvement  will  be  obtained  by  the  mercurial  treatment  of 
cases  of  established  idiocy,  which  give  a  positive  Wassermann  reaction. 
On  the  other  hand,  it  does  not  seem  unreasonable  to  suggest  that  the 
information  which  can  be  gained  from  the  Wassermann  reaction  should 
be  made  of  use  as  part  of  a  system  of  prophylactic  treatment.  It  should 
not  be  impracticable  ©r  even  very  difficult  to  secure  a  specimen  of  the 
blood  serum  of  any  woman  during  pregnancy,  in  cases  in  which  any 
suspicion  of  syphilis  might  be  entertained.  If  a  positive  reaction  was 
obtained  it  can  hardly  be  doubted  that  the  active  treatment  of  the 
mother,  followed  later  by  treatment  of  the  infant,  would  be  the  means 
of  averting  or  modifying  the  occurrence  of  symptoms.  It  has  been  even 
suggested  by  Professor  Wassermann  that  a  routine  examination  should 
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be  undertaken  of  the  blood  serum  of  every  patient  who  is  admitted  to 
a  lying-in  hospital.  The  proposal  is  the  logical  result  of  the  belief  that 
a  syphilitic  infection  may  exist  in  an  apparently  healthy  subject,  and 
that  a  reliable  diagnosis  can  be  obtained  by  the  employment  of  the 
Wassermann  reaction. 

In  conclusion,  I  have  pleasure  in  expressing  my  gratitude  to  Professor 
Wassermann  for  the  kind  interest  which  he  took  in  these  experiments. 
My  best  thanks  are  also  due  to  the  Director  and  Medical  Ofhcers  of  the 
Wilhelmstift  Asylum  in  Potsdam  for  their  kindness  in  assisting  me  in 
collecting  samples  of  serum  and  in  the  examination  of  the  patients. 
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Relative  Vulue  of  Different  Methods. 

One  of  the  most  interesting  as  well  as  the  most  diflQctilt 
questions  in  connexion  with  the  Wassermann  reaction  is 
that  which  deals  with  the  relative  value  of  the  various 
methods  of  preparing  the  extract.  So  long  as  we  remain 
ignorant  of  the  actual  nature  of  the  antigen  it  seems 
hardly  possible  to  deal  with  the  question  from  a  quanti- 
tative standpoint. 

Supposing  that  we  compare  two  extracts — the  one  made 
from  the  liver  of  a  congenital  syphilitic,  the  other  from  a 
normal  guinea-pig's  heart,  we  are  not  so  much  comparing 
the  methods  of  preparation  as  the  relative  richness  in 
antigen  of  two  chance  specimens.  One  guinea-pig's  heart 
will  differ  considerably  from  another,  and  no  two  specimens 
of  liver  will  be  found  to  be  equally  rich  in  antigen.  It 
seems  to  me  impossible  at  the  present  time  to  make  a 
quantitative  comparison  between  extracts  of  normal  and 
syphilitic  organs.  On  the  other  hand,  it  is  possible  to 
draw  some  sort  of  conclusion  by  testing  a  number  of  serums 
against  two  extracts  and  noting  the  results. 

I  have  records  of  195  cases  in  which  I  have  compared 
an  alcoholic  extract  of  normal  guinea  pig's  heart  and  a 
saline  extract  of  syphilitic  liver.  Of  these  195  cases  a 
positive  result  was  obtained  with  the  liver  extract  in 
31  cases  and  with  the  extract  made  from  normal  guinea- 
pig's  heart  in  22  cases.  In  1  case  only  was  a  positive 
result  obtained  with  the  alcoholic,  but  not  with  the  watery 
extract.  The  extracts  used  in  these  experiments  had  been 
carefully  tested  and  found  to  be  good ;  that  is  to  say,  they 
had  been  found  to  give  a  positive  reaction  in  very  small 
doses  whan  titrated  with  test  serums  from  undoubted 
cases  of  secondary  syphilis.  • 

The  majority  of  the  195  cases  which  I  have  quoted 
formed  part  of  a  series  of  cases  of  children  who  were 
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examined  with  a  view  to  establishing  a  diagnosis  of  con- 
genital syphilis,  and  the  large  majority  of  the  cases  which 
gave  a  positive  result  showed  no  other  evidence  of  syphilis. 
On  the  other  hand,  I  have  never  been  able  to  demonstrate 
any  difference  between  extracts  made  from  normal  and 
syphilitic  organs  in  testing  serums  from  cases  of  obvious 
secondary  and  tertiary  syphilis.  The  class  of  case  in 
which  I  have  found  a  difference  in  the  result  between  the 
extracts  made  from  normal  and  syphilitic  organs  has 
unfortunately  been  that  in  which  the  serum  diagnosis  could 
not  be  confirmed  in  a  satisfactory  manner  by  clinical 
findings  ^though  I  am  inclined  to  the  opinion  that  the 
extract  made  from  syphilitic  material  is  a  more  delicate 
reagent,  it  is  not  possible  to  exclude  the  view  that  it  is 
actually  too  delicate  On  the  whole,  I  am  inclined  to 
think  that  in  cases  of  congenital  syphilis,  and  in  those 
cases  in  which  many  years  have  elapsed  since  the  supposed 
infection,  the  watery  extract  of  syphilitic  liver  is  greatly 
to  be  preferred  The  question  is  very  important  fro(^  a 
practical  standpoint,  because  it  is  only  in  latent  and 
obscure  cases  that  there  is  any  real  necessity  for  the  serum 
reaction  as  an  aid  to  diagnosis. 

A.nother  very  important  point  with  regard  to  the  extract 
is  its  titration  and  standardization.  It  is  absolutely  essen- 
tial to  titrate  a  new  extract  in  falling  doses  against  several 
authenticated  positive  and  negative  serums.  Extracts  vary 
very  considerably  in  strength  and  properties,  and  it  is  not 
safe  to  use  a  fixed  dose  of  a  fixed  dilution  without  ascer- 
taining if  it  is  appropriate  to  the  particular  extract  in  use. 
It  is  necessary  to  determine  the  dose  in  which  an  extract 
without  addition  of  serum  will  absorb  complement,  the 
dose  in  which  complement  is  absorbed  in  the  presence  of 
normal  serum,  and  the  dose  which,  in  the  presence  of  posi- 
tive serum,  will  bind  the  complement.  A.  good  extract  is 
one  which  shows  a  large  difference  in  the  dose  necessary 
for  the  fixation  of  complement  in  the  presence  of  syphilitic 
and  normal  serum.  An  extract  dose  should  be  selected 
which  can  be  relied  on  to  give  a  positive  reaction  with  a 
syphilitic  serum,  and  which  at  the  same  time  is  less  than 
half  the  amount  which  binds  complement  in  the  presence 
of  normal  serum. 

Extracts  should  be  tested  before  coming  into  use,  and  at 
fairly  frequent  intervals,  to  guard  against  deterioration  in 
the  qualities  of  the  extract,  which  deterioration  is  in  the 
case  of  the  watery  extracts  often  very  unpleasantly  sudden. 
Adequate  standardization  of  the  extract  can,  I  think,  be 
only  carried  out  by  the  use  of  a  haemolytic  system  which 
can  itself  be  standardized,  that  is  to  say,  there  must  be 
added  to  each  tube  a  known  definite  amount  of  haemolytic 
serum  and  a  known  amount  of  complement.  A  titration 
which  relied  on  the  normal  amboceptor  and  normal 
complement  present  in  fresh  human  serum  would  afford 
little  evidence  which  would  be  of  service  in  performing 
experiments  with  other  serums. 

One  of  the  great  objections  to  all  modifications  which 
make  use  of  the  normal  complement  is  that  the  worker 


can  form  no  opinion  of  the  power  of  the  particular  dofic  of 
extract  to  absorb  complement  in  the  prenecce  of  normal 
serum.  In  several  of  the  modifications  commonly  used 
reliance  is  placed  on  the  normal  amboceptor  for  nheep's 
corpuscles  which  is  present  in  human  blood.  I  examined 
50  serums  to  ascertain  their  content  of  normal  haemoljitic 
amboceptor  for  sheep  cells 

The  tubes  were  made  up  to  a  bulk  of  2  5  com.,  and  contained 
0.5  com.  of  a  1  in  20  suspension  of  sheep's  corpuscles,  and 
0.5  com.  of  a  1  in  10  dilution  of  fresh  guinea-pig  serum.  The 
tubes  were  incubated  for  two  hours  at  37°  C.  The  human 
serums  were  inactivated  and  uped  in  various  doees  Of  the 
50  serums  haemolytic  amboceptor  was  absent  in  2  cases;  in 
7  cases  haemolysis  was  incomplete  with  a  dose  of  0  1  c  cm. — 
that  is  to  say,  the  dose  usually  employed  in  the  performance  of 
the  serum  reaction  for  syphilis.  In  4  cases  complete  haemo- 
lysis was  produced  by  0.1  com  serum  ;  in  9  cases  complete 
haemolysis  was  produced  by  0.05  c  cm.  serum;  in  9  cases  com- 
plete haemolysis  was  produced  by  0.025c  cm.  serum;  in  17  cases 
complete  haemolysis  was  produced  by  0.0125  c.cm.  serum  ;  in 
1  case  complete  haemolysis  was  produced  by  0.005  c.cm.  serum. 

Thus  0  1  c.cm  serum  was  found  to  contain  in  one  case 
twenty  minimal  haemolytic  doses,  in  17  cases  eight  doses, 
in  9  cases  four  doses,  in  9  cases  two  doses,  in  4  cases  one 
dose,  in  7  cases  less  than  one  dose,  and  in  2  cases  no 
haemolysis  occurred. 

The  amount  of  normal  haemolytic  amboceptor  is  a 
variable  factor,  even  in  the  original  method ;  but  in  the 
original  method  the  only  question  which  arises  relates  to 
possible  presence  of  excess  of  amboceptor.  In  the  case 
which  I  mentioned  in  which  0,1c  cm.  of  serum  contained 
twenty  minimal  haemolytic  doses,  a  marked  positive  result 
was  obtained  without  any  particular  precautions  being 
observed. 

To  further  test  the  effect  of  excess  of  haemolysin  on 
the  reaction,  the  following  procedure  was  employed  : 

Several  serums,  known  to  give  a  positive  reaction,  were 
absorbed  with  sheep's  corpuscles  in  the  cold.  The  normal 
amboceptor  for  sheep's  corpuscles  was  in  this  way  removed, 
and  its  removal  was  proved  by  experiment. 

The  treated  serums  (from  which  the  haemolytic  amboceptor 
had  been  removed)  were  then  titrated  with  falling  doses  of 
extract,  and  a  similar  series  of  tubes  were  put  up  containing 
similar  amounts  of  extract  and  of  the  untreated  serums. 
It  was  found  that  the  intensity  of  the  reaction  had  been  but 
little  influenced  by  the  removal  of  the  normal  amboceptor — 
that  is  to  say,  the  untreated  serum  gave  almost  as  marked 
a  reaction  as  the  serum  from  which  normal  amboceptor 
had  been  removed.  A  sufficient  dose  of  a  haemolytic 
serum  (rabbit  v.  sheep)  was,  of  course,  added  to  each  series 
of  tubes. 

The  result  indicates  that  a  positive  reaction  is  in  no 
great  danger  of  being  masked  by  excess  of  the  normal 
amboceptor. 

In  Bauer's  and  Hecht's  method  reliance  is  placed  on  the 
normally  present  amboceptor.  The  danger  lies,  I  think, 
not  in  the  few  cases  in  which  the  amboceptor  is  completely 
absent,  but  in  those  cases  where  just  sufficient  is  present 
in  the  control  tube,  which  contains  serum  alone,  to  produce 
complete  haemolysis.      In    those    cases   the   presence  of 
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extract  will  just  upset  the  balance,  and  by  the  absorption 
of  a  certain  amount  of  complement  a  positive  result  will 
be  simulated.  The  presence  of  a  known  normal  and  a 
known  syphilitic  serum  with  extract  does  not  afford 
adequate  controls,  for  the  control  negativ^e  serum  may 
have  an  unusually  powerful  haemolytic  system 

The  normal  complement  is  not  so  variable ;  nevertheless, 
considerable  variations  do  occur.  In  an  examination  of 
90  serums  I  found  haemolytic  complement  apparently 
absent  in  2  cases,  and  in  3  cases  the  amount  present  was 
very  small.  I  examined  87  serums  by  Wassermann's 
method,  and  by  the  method  of  M.  Stern.  Of  these, 
14  vs^ere  positive  by  the  original  method,  and  23  by  Stern's 
method.  The  87  serums  were  also  tested  for  presence  and 
amount  of  haemolytic  complement.  Of  the  9  cases  which 
were  positive  by  Stern's  method  and  negative  by  Wasser- 
mann's method,  4  could  be  shown  to  be  unusually  deficient 
in  complement. 

Another  factor  in  producing  a  relatively  high  percentage 
of  positive  results  is  probably  the  use  of  unheated  serum. 
Sachs  and  Boas  have  shown  that  the  serum  of  an  un- 
doubted syphilitic  will  give  a  positive  reaction  in  greater 
dilution  before  it  is  heated.  Boas  has  further  shown  that 
during  progress  of  mercurial  treatment  a  positive  result 
can  be  demonstrated  for  a  longer  period  by  the  use  of 
unheated  serum.  Nevertheless,  evidence  has  accumulated 
that  fresh  serum  of  non- syphilitics  is  apt  to  give  a  positive 
reaction. 

It  seems  to  me  that  the  original  method  is  safer  for  the 
reason  that  it  permits  of  the  standardization  of  the 
reagents  and  the  putting  up  of  adequate  controls.  The 
reaction  is  a  quantitative  one,  and  we  consider  a  serum  to 
give  a  positive  result  which  gives  in  the  presence  of 
extract  a  very  much  more  marked  fixation  of  complement 
than  a  normal  serum.  We  may  arrive  at  our  result 
either  as  Dr.  McKenzie  has  suggested  by  varying  the 
dose  of  complement  or  by  the  previous  titration  of 
the  extract  with  a  view  to  the  determination  of 
the  dose  which  fixes  complement  with  syphilitic  but 
not  with  normal  serum  The  variations  in  the  comple- 
ment content  of  the  guinea-pig  serum  are,  I  think,  quite 
adequately  met  by  the  routine  titration  of  the  haemolytic 
system  before  the  commencement  of  the  actual  test,  and 
the  use  of  a  dose  of  haemolysin  which,  acting  in  conjunc- 
tion with  a  particular  complement-containing  serum, 
contains  three  minimal  lytic  doses.  The  variations  in 
the  complement  are,  I  think,  in  practice  adequately 
compensated  by  varying  the  dose  of  the  haemolytic 
amboceptor, 

Reliable  results  can  only  be  obtained  by  employing  a 
method  which  allows  of  a  standardization  of  the  reagents 
employed,  and  in  which  controls  can  be  used  which  dis- 
close all  possible  sources  of  error ;  and  although  various 
modifications  have  been  employed  with  considerable 
success,  the  evidence  at  our  disposal  is  enormously  in 
favour  of  the  original  method. 


Reprinted  Irom  Ike  Ukitish  Mkdic&l  Jouknal,  November  L'ilh,  I'jUj. 
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RECOGNITION    OF    B.    TYPHOSUS    BY 
COMPLEMENT   FIXATION. 

Being  a  Paper  read  in  the  Section  of  Bacteriology  at  the  Annual  Meeting 
of  the  British  Medical  Association,  London,  July,  1910. 

By  H.  R.  Dean,  M.B.,  B.Cb., 

Lister  Institute. 
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The  object  of  these  experiments  has  been  to  ascertain  if 
it  is  practicable  to  recognize  by  the  complement  fixation 
method  the  presence  of  small  quantities  of  typhoid  bacilli 
in  the  mixed  growth  obtained  on  plates  inoculated  with  an 
emulsion  of  faeces. 

The  cases  examined  have  been  taken  from  among  the 
series  of  typhoid  carriers,  or  suspected  carriers,  examined 
by  the  usual  bacteriological  methods  at  the  Lister  Insti- 
tute. The  results  obtained  by  me  have  been  controlled 
by  the  results  obtained  by  the  isolation  and  identification 
of  the  bacteria  on  the  customary  sugar  media,  and  I  have 
great  pleasure  in  recording  my  thanks  to  Dr.  Ledingham 
for  controlling  my  results  by  the  isolation  of  typhoid  in 
pure  culture,  as  well  as  for  the  great  interest  he  has  taken 
in  these  experiments.  The  independent  control  thus 
afforded  to  my  observations  has  been  of  the  utmost 
service  to  me.     The  method  was  as  follows : 

Three  Petri  capsules  of  MacConkey's  medium  (neutral  red' 
bile  salt,  lactose  agar)  were  inoculated  with  an  emulsion  of  the 
faeces.  These  were  the  actual  plates  used  in  the  bacteriological 
examination  of  the  faeces,  and  were  not  subjected  to  any  special 
treatment.  After  twenty-four  hours'  growth  the  first  plate, 
which  was  in  the  majority  of  cases  thickly  covered  with  a  mixed 
growth,  was  treated  as  follows :  The  entire  growth  on  the  plate 
was  rapidly  emulsified  in  3  c.cm.  of  distilled  water  The 
emulsion  was  removed  with  a  Pasteur  pipette  to  a  test  tube, 
which  was  placed  in  the  incubator  at  37°  C.  After  a  period 
varying  from  three  to  twenty-four  hours  the  emulsion  was 
removed  from  the  incubator  and  frozen  hard  in  an  ice  and  salt 
freezing  mixture.  When  thoroughly  frozen  it  was  returned  to 
the  incubator  at  37°  C.  for  a  further  period  of  time,  varying 
from  one  to  twenty-four  hours.  The  emulsion  was  then  centri- 
fugalized  until  clear  or  nearly  clear.  The  clear  supernatant 
fluid  was  pipetted  off  and  tested  for  the  presence  of  typhoid 
antigen  with  a  typhoid  immune  serum  obtained  from  a 
horse. 
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The  details  of  the  method  are  as  follows  :  Each  tube  contained 
two  and  a  half  cubic  centimetres,  or  five  quantities  each  of  half 
a  cubic  centimetre. 

0.5  c.cm.  containing  extract  diluted  with  physiological  saline 

solution. 
0  5  c.cm.  containing  serum  diluted  with  physiological  saline 

solution- 
0.5  c.cm  of  a  1  in  10  dilution  of  fresh  guinea-pig  serum. 
0  5  c.cm.  of  a  1  in  20  suspension  of  washed  sheep's  corpuscles. 
0.5  c.cm.  of  a  dilution  of  haemolytic  serum  (rabbit  v.  sheep 
corpuscles). 
The  haemolytic  system  was  prepared  and  standardized  in  the 
usual  way,  and  from  two  to  three  times  the  minimal  haemolytic 
dose  was  used.    The  extract  was  used  in  three  amounts  of  0.3, 
D  15,  and  0  075  of  a  cubic  centimetre  diluted  in  each  case  to 
0.5  c.cm.      The  typhoid  serum  was  used  in  a  dose  of  0.1  c.cm. 
diluted  to  0.5  c.cm.,  and  the  same  dose  of  normal  horse  serum 
diluted  in  a  similar  fashion  was  used  as  a  control,  with  each 
dose  of  extract.  Further  details  are  best  seen  from  the  following 
example. 

Table  I. 


With  Typhoid  Serum  0.1. 

"With  Normal  Serum  0.1. 

Extract  A : 

Haemolysis. 

Haemolysis. 

0.3       

None 

Almost  complete. 

0.15     

■t 

Complete. 

0.075 

.. 

•• 

Extract  B  : 

0  3       

A.lmo8t  complete 

Almost  complete. 

0.15     

Complete 

Complete. 

0.075    

•• 

t( 

Controls  typhoid  serum  0  2  and  normal  serum  0  2,  without  bacterial 
extract.    The  haemolysis  was  in  both  cases  complete 

The  extract  dilutions  were  first  made,  the  bulk  being  in  each 
case  made  up  to  0  5  c.cm.  with  normal  saline  solution.  The 
extract  'lilutions  were  made  in  duplicate,  and  to  one  series  was 
added  0  1  of  typhoid  serum  diluted  to  ^  c  cm.  To  the  other 
series  was  added  0.1  of  normal  horse  serum  diluted  to  |  c.cm. 
Control  tubes  contaiDiog  double  the  dose  of  serum  (0  2)  diluted 
to  1  c.cm.  were  also  put  up.  To  every  tube  was  added  0.5  of  a 
1  in  10  dilution  of  fre&h  guinea-pig  serum.  The  tubes  were 
then  incubated  for  one  hour  at  37°  C.  At  the  expiration  of  one 
hour  there  was  added  to  each  tube  0.5  of  a  1  in  20  suspension  of 
sheep's  corpuscles  and  0  5  c.cm  of  a  1  in  500  dilution  of  haemo- 
Ijsin.  The  tubes  were  then  incubated  for  one  hour,  and  the 
results  read  and  recorded. 

Eighty  five  plates  were  examined  by  this  method,  and 
in  81  cases  the  result  was  in  agreement  with  the  bac- 
tenolojiicttl  findings.  In  66  cases  the  complement  fixation 
method  gave  a  negative  result,  and  no  typhoid  colonies 
oould  be  isolated  from  the  plates,  fn  15  ca^es  a  positive 
re^-ult  waH  obtained,  and  typhoid  bacilli  were  isolated  in 
culture  from  the  plates.  In  4  cases  out  of  85  the  result 
did  ndt  agree  with  the  results  obtained  by  the  usual 
method.  In  all  cases  the  reaction  was  very  sharp  and 
clearly  marked,  and  no  difficulty  was  experienced  in 
reading  the  results. 


It  does  not  seem  necessary  to  go  into  any  detail  aH  to 
the  method,  for  no  departure  was  made  from  the  accepted 
technique  of  complement  fixation  except  in  the  matter  of 
the  preparation  of  the  bacterial  extracts.  These  extracts, 
which  will  be  again  mentioned,  were  found  to  be  very 
uniform,  to  have  a  powerful  specific  action,  and  to  have 
little  tendency  to  independent  absorption  of  complement; 
they  were,  moreover,  very  easy  to  make.  The  optimum 
time  for  the  making  of  an  extract  by  this  method  has  not 
been  determined,  but  the  extracts  were  found  to  be  quite 
good  which  had  occupied  four  hours  in  the  making,  and 
extracts  whfch  had  been  allowed  a  longer  time  were  not 
appreciably  more  powerful  In  any  case,  it  is  quite 
possible  to  make  a  good  extract  in  four  hours  and  to  form 
an  opinion  as  to  the  presence  of  typhoid  bacilli  on  the 
same  day  as  that  on  which  the  plates  are  removed  from 
the  incubator. 

The  results  obtained  seem  to  show  that  the  method  is 
accurate,  and  it  is  certainly  delicate.  I  have  no  evidence 
as  jet  that  it  may  succeed  in  cases  where  typhoid  bicilli 
are  too  few  for  detection  by  ordinary  methods,  but  in 
several  cases  from  which  typhoid  bacilli  were  isolated  by 
cultural  methods  with  considerable  difficulty  a  marked 
reaction  was  obtained  by  the  complement- fixation  method. 
The  result  was,  in  fact,  quite  as  definite  as  in  cases  in  which 
the  typhoid  colonies  on  the  plate  were  numerous  and  obvious. 
I  hope  shortly  to  get  more  evidence  on  this  point. 

As  a  test  of  the  delicacy  of  the  reaction  three  agar 
plates  were  generously  inoculated  with  B.  coli.  They 
were  then  incubated  for  forty  eight  hours,  at  the  end  of 
which  time  one  normal  loop  of  typhoid  bacilli  was  mixed 
with  the  growth  of  one  plate,  to  another  was  added  half 
a  loop,  and  the  third  was  untouched.  Extracts  were 
prepared  by  emulsifying  the  growth  of  each  plate 
with  3  c  cm.  of  distilled  water.  The  result  of  the  com- 
plement-fixation experiment  is  shown  in  the  following 
table : 

Table  II, 


Typhoid  Serum  0.1. 

Normal  Serum  0.1. 

Extract  A : 

Haemolysis. 

Haemolysis. 

0.2       

None 

Complete. 

0.1       

.. 

Extract  B : 

0.2       

.. 

•I 

0.1       

Slight 

Extract  C  : 

02 

Almost  complete 

.. 

0.1       

Complete 

•• 

Controls  of  serum  alone  : 
Typhoid  serum  0  2  diluted  to  1  c.cm. 
Normal  serum  0.2  diluted  to  1  c.cm. 


Complete  haemolysis. 
Complete  haemolysis. 
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Each  tube  contained  the  dose  of  extract  diluted  with  saline  to 
0.5  c  cm.  plus  the  dose  of  serum  diluted  with  saline  to  0.5  c  cm., 
and  to  each  tube  was  added  0.5  c.cm.  of  a  1  in  10  dilution  of 
fresh  guinea  pig  serum.  The  tubes  were  incubated  for  one 
hour,  and  then  received  0.5  c.cm.  of  a  suspension  of  sheep's 
corpuscles,  1  in  20,  and  0.5  c.cm.  of  haemolysin,  1  in  600.  The 
plates  A.  and  B,  which  had  received  one  and  half  a  loop  of 
typhoid  bacilli  respectively,  were  very  plainly  differentiated 
from  C,  to  which  typhoid  had  not  been  added. 

The  result  shows  that  a  small  quantity  of  typhoid 
bacilli  can  be  detected  even  when  mixed  with  an  enor- 
mous quantity  of  B.  coli.  It  will  be  seen  from  the  table 
that  0.1  c  cm  of  extract  B,  which  contained  approximately 
one  sixtieth  of  a  loop  of  typhoid  bacilli,  gave  a  perfectly 
definite  reaction.  The  recognition  of  typhoid  bacilli  in 
mixed  culture  by  this  method  is  easy  and  rapid,  for  a 
result  can  be  obtained  within  eight  hours  of  the  removal 
of  the  incubated  plate  from  the  incubator,  Moreover, 
it  can  be  easily  combined  with  the  usual  cultural 
methods. 

For  making  the  extract  I  have  used  the  first  of  the  three 
plates  inoculated  with  the  emulsion  of  faeces-  The  first 
plate  was,  as  a  rule,  overgrown  with  confluent  colonies, 
and  quite  useless  for  bacteriological  purposes.  In  cases  in 
which  the  colonies  were  discrete  on  the  first  plate,  some 
of  the  suspicious  colonies  were  picked  off  before  the 
extract  was  made. 

In  2  cases  out  of  85  a  complement  fixation  reaction  was 
obtained,  but  typhoid  bacilli  were  not  isolated  in  pure 
culture.  In  these  two  cases  it  was  not  possible  to  deter- 
mine whether  the  serum  reaction  or  the  cultural  methods 
had  been  at  fault  Of  the  other  cases  no  difficulty  was  at 
any  time  experienced  in  deciding  between  a  positive  and  a 
negative  reaction.  No  cases  were  met  with  in  which 
a  positive  reaction  was  simulated  by  any  organism 
resembling  typhoid.  At  the  same  time  it  is  recognized 
that  the  number  of  cases  investigated  is  far  two  small  to 
exclude  this  possibility.  It  is  more  probable  that  no 
organisms  of  the  typhoid  group  occurred  in  this  com- 
paratively small  series  of  experiments.  To  settle  this 
pdint  I  prepared  extracts  from  plates  made  with  pure 
cultures  of  paratyphoid  A  and  B,  and  from  a  culture  of 
aertryck.  These  gave  a  reaction  which  was  in  no  way 
distinguishable  from  that  obtained  with  a  typhoid  extract. 
It  seemed  to  me,  however,  probable  that  this  was  a  group 
reaction,  comparable  to  that  seen  in  agglutination  experi- 
ments, and  that  the  source  of  error  might  be  eliminated 
by  accurate  dosage  of  the  serum.  To  test  this  view  it 
seemed  advisable  to  experiment  with  extracts  prepared 
from  pure  cultures  of  various  members  of  the  group. 

It  is  not  intended  in  this  paper,  which  is  of  the  nature 
of  a  preliminary  communication,  to  go  at  all  fully  into  the 
literature  of  the  subject.  It  may,  however,  be  mentioned 
that  the  specificity  of  the  complement  fixation  reaction  in 
the  case  of  the  typhoid  group  is  at  the  present  time  gener- 
ally acknowledged  as  the  result  of  the  work  of  numerous 
authors.      The    question   of     specificity   as    regards    the 


typhoid  and  tbo  paratyphoid  bacilli  was  settled  by  the 
papers  of  Leuchs  and  the  very  interesting  results  to  be 
obtained  by  the  absorption  of  the  group  amboceptor  were 
first  recorded  by  Simnibzky. 

The  strains  of  bacilli  used  in  these  experiments   were 
tested  by  the  usual  sugar  tests. 
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The  method  of  preparing  tha  extract  was  as  follows  :  A  Rous 
bottle,  with  an  agar  surface  of  about  20  x  10  cm  ,  wae 
freely  inoculated  and  incubated  for  twenty  four  hours  At 
the  end  of  this  time  the  growth  was  emulsified  in  20  c.cm.  oJ 
distilled  water  The  emulsion  was  put  into  an  incubator  »t 
37°  C.  for  twenty-four  hours  at  the  end  of  which  time  it  wae 
frozen  hard  with  a  mixture  of  ice  and  salt.  It  was  allowed  to 
thaw  after  two  hours,  and  then  returned  to  the  incubator  for 
another  twenty  four  hours,  when  it  was  again  frozen  and  thawed. 
The  emulsion  was  then  centrif  ugalized  and  a  clear  or  al  most  clear 
fluid  obtained.  The  clear  fluid  was  poured  off  and  kept  in  the 
cold  room,  and  was  found  to  remain  fit  for  use  for  at  least  one 
month.  In  those  cases  in  which  the  extract  was  not  quite  clear 
after  centrifugalization  it  was  found  that  a  deposit  settled  to  the 
bottom  of  the  flask  after  a  few  days,  leaving  the  supernatant 
fluid  quite  clear. 


hold, 


The  extracts  made  in  this  way  gave  good  results  with 
the  complement  fixation  method,  and  were  very  free  from 
any  tendency  to  absorb  complement  spontaneously.  It 
will  be  noticed  that  the  extract  was  not  heated  above 
37°  C.  at  any  period  during  its  manufacture  ;  nevertheless, 
cultures  made  from  the  clear  fluid  immediately  after 
centrif ugalization  were  either  sterile  or  showed  only  one 
or  two  colonies.  The  extracts  were  almost  invariably 
found  to  be  sterile  after  they  had  been  a  few  days  in  the 
cold  room. 

In  this  experiment  it  will  be  noted  that  with  a  dosage 
of  O.I  c.cm.  typhoid  serum  it  is  impossible  to  differentiate 
between  typhoid  extract  and  extracts  prepared  from  para 
typhoid  A  and  B.  When,  however,  the  dose  of  serum  is 
reduced  to  0  025,  the  positive  reaction  with  the  paratyphoid 
extracts  almost  disappears,  while  the  reaction  with  typhoid 
extract  is  reduced  only  to  a  very  small  extent.  A  very 
similar  result  is  shown  in  Table  IV. 


These  experiments  show  that  in  complement  fixation, 
as  in  agglutination,  there  is  a  group  reaction  which,  when 
the  antiserum  is  used  in  large  amount,  tends  to  mask  the 
specific  reaction  between  typhoid  antibody  and  typhoid 
antigen.  The  complement  fixation  by  a  t)iphoid  extract 
and  typhoid  antiserum  is  an  extremely  delicate  and 
specific  reaction,  to  demonstrate  which  it  is,  however, 
necessary  to  adjust  carefully  the  proportions  of  the 
ingredients.  In  this  case  a  dose  of  0  025  c.cm  gives, 
under  the  conditions  mentioned,  a  reaction  with  typhoid 
extract  which  is  little  short  of  the  maximum,  while  the 
reaction  with  the  other  members  of  the  group  almost 
disappears. 
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Table  III. 


Typhoid 

Serum, 

0.1  c.cm. 

Typhoid 

Serum, 

0.025  c.cm. 

Normal 

Serum, 

0.1  c.cm. 

Typhoid  Extract"  M  " 

Hsiemolysis. 

Haemolysis. 

Haemolysis. 

1 

c.cm. 
0.1 

None 

None 

Complete 

2 

0.05 

.> 

" 

,. 

3 

0.025 

M 

.. 

M 

4 

0.0125 

» 

» 

M 

5 

0.00625 

>. 

Trace 

„ 

6 
7 

0.003125 
0.0015625 

Trace 
Marked 

Almost 
complete 
Complete 

" 

8 
9 

0.00078125 
0.000390625 

Paratyphoid  A  Ex- 
tract 

Almost 
complete 
Complete 

" 

M 

1 

0.1 

None 

Traee 

omplete 

2 
3 

0.05 
0.025 

" 

Almost 
complete 
Complete 

ff* 

4 

0.0125 

» 

.. 

„ 

5 

0.00625 

» 

» 

„ 

6 

0.003125 

Trace 

.. 

., 

7 
8 

0.0015625 
0.00078125 

Almost 
complete 
Complete 

" 

" 

9 

0.000390625 

Paratyphoid  B  Ex- 
tract "  Sch." 

" 

" 

fl* 

1 

0.1 

None 

None 

Complete 

2 
3 

0.05 
0.025 

" 

Almost 
complete 
Complete 

m 

4 

0.0125 

>, 

» 

., 

5 

0.00625 

Trace 

H 

6 

0.003125 

Slight 

>• 

M 

7 
8 

0.0015625 
0.00078125 

Almost 
complete 
Complete 

" 

m 

9 

0.000390625 

•• 

" 

" 

Controls : 
Typhoid  serum  (without  extract)  0.2    ...    Complete  haemolysis. 
Normal  aerum  (without  extract)  0.2    ...    Complete  haemolysis. 
To  each  tube  was  added  0.5  of  a  1  in  10  dilution  of  fresh 
guinea  pig  serum,  and,  after  incubation  for  one  hour,  0.5  c.cm. 
of  a  1  in  2()  suspension  of  washed  sheep's  corpuscles  and  0.5  c.cm. 
of  a  1  in  6(X)  dilution  of  haemolysin.    The  extracts  used  in  these 
experiments  were  prepared  at  the  same  time  and  by  the  same 
method  from  approximately  equal  amounts  of  fresh  cultures. 


Tablb  IV. 


Typhoid 

Serum, 

0.1  c.cm. 

Typhoid 

Serum, 

0.25  c.cm. 

Normal 
Serum. 
0.1  c.cm. 

Typhoid  Extract  "T." 

Haemolysis. 

Haemolysis. 

Haemolysis. 

1 

2 

com. 
0.1 

0.05 

None 

None 

Almost 
complete 
Complete 

3 

0  025 

M 

» 

» 

4 

0.0125 

.. 

.. 

„ 

5 

0.00625 

» 

Slight 

» 

6 
7 

0.003125 
0.0015625 

Trace 
Slight 

Almost 
complete 
Complete 

» 

8 

0.00078125 

Complete 

» 

H 

9 

0.000390625 

Paratyphoid  B  Ex- 
tract 'Mac." 

•♦ 

" 

» 

1 
2 

0.1 
0.05 

None 

Marked 
Complete 

Almost 
complete 
Complete 

3 

0.025 

„ 

.. 

>. 

4 

0.0125 

„ 

» 

H 

5 

0.00625 

„ 

» 

6 

0.003125 

„ 

» 

7 

0  0015625 

Slight 

» 

« 

8 
9 

0  00078125 
0.000390625 

Aertryck  Extract. 

Almost 
complete 
Complete 

" 

" 

1 
2 

0.1 

0.05 

None 

Slight 
Marked 

Almost 
complete 
Complete 

3 

0.025 

Trace 

Complete 

» 

4 

0.0125 

Slight 

>. 

» 

5 

0.00625 

Marked 

.. 

» 

6 
7 

0.003125 
0.0015625 

Almost 
complete 
Complete 

" 

H 

8 

0.00078125 

.. 

» 

» 

9 

0.000390625 

" 

" 

" 

CINE 


./;  }^ 


The  controls  of  typhoid  serum 0.2  c  cm  .  and  normal  serum  0.2  c.cm., 
without  extract,  in  either  case  showed  complete  haemoljsis. 

To  each  tube  was  added  0.5  c.cm.  of  a  1  in  10  dilution  of  fresh 
guinea-pig  serum,  and  after  one  hour's  incubation,  0.5  c.cm. 
of  a  1  in  20  suspension  of  sheep's  corpuscles  and  0.5  c.cm.  oi 
haemolysin  1  in  300. 


hold. 
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TABLE     V . 


Typhoid 

Kerum 

Untreated 

0.1  c.cm 

Typhoid 
Serum 
Previously 
Absorbed 
with  Para- 
typhoid B 
0  1  c.cm 

Typhoid 

Heruin 

Previously 

Absorbed 

with 
Typhoid 
0.1  c.cm. 

Normal 
Rerum. 

Typhoid  Ex- 
tract M. 

Haemolysis. 

Haemolysis. 

Haemolysi.s. 

Haemolysis. 

1 

2 

c  cm. 
01 

0  05 

None 

None 

Almost 
complete 
Complete 

Complete. 

3 

0.025 

., 

.. 

.. 

4 

0.0125 

,. 

Trace 

M 

5 
6 
7 

0.00625 

0.003125 

0.0015625 

Trace 

Almost 
complete 
(  omplete 

Almost 
complete 
Complete 

*' 

8 

0.00078125 

II 

.. 

„ 

9 

0OC0390625 

Paratyphoid 
A  Extract. 

•' 

" 

•• 

1 
2 

0.1 
0.05 

None 

Almost 
complete 
Complete 

Almost 
complete 
Complete 

Complete. 

3 

0  025 

.1 

•1 

.. 

4 

0.0125 

Trace 

.. 

.. 

5 
6 

0.00625 
0.003125 

Almost 
complete 
Complete 

• 

•• 

7 

0.0015625 

., 

I. 

„ 

8 

0.00078125 

., 

1. 

„ 

9 

0.000390625 

Paratyphoid 
B  Extract. 

" 

" 

1 
2 

0.1 
0.05 

None 

Almost 
complete 
Complete 

Almost 
complete 
Complete 

Complete. 

3 

0.025 

„ 

., 

4 

0.0125 

Trace 

I. 

5 
6 

0  00625 
0.003125 

Almost 
complete 
Complete 

•• 

7 

0  0015625 

,, 

,, 

8 

0.00078125 

„ 

,, 

9 

0  000390625 
Serum  alone. 

II 

0.2 
0.1 

Complete 
•• 

Almos 
complete 
Complete 

Almost 
complete 
Complete 

Complete, 

To  each  tube  was  added  0  5  c.cm.  of  a  1  in  10  dilution  of  fresh  guinea- 
pig  serum.  The  exr)eriment  was  incubated  for  an  hour,  and  there 
were  subsequently  added  0.5  c.cm  of  a  1  in  20  suspension  of  sheep's 
corpascles  and  0.5  c, cm.  of  a  1  in  400  dilution  of  haemolysin. 


9 


In  the  following  experiment  (Table  V),  an  attempt  web 
made  still  further  to  demonstrate  the  specific  nature  of  the 
reaction. 

Two  Roux  bottles,  which  had  been  inoculated  with  a  culture 
of  typhoid,  and  two  which  had  been  inoculated  with  a  culture 
of  paratyphoid  B,  were  incubated  for  twenty-four  hours.  The 
growth  was  then  washed  off  from  each  pair  of  bottles  with 
about  200  c.cm.  of  saline  solution.  The  emulsions  were  then 
centrifugalized,  and  deposits  of  washed  bacilli  were  obtained. 
To  each  deposit  was  added  20  c.cm,  of  a  1  in  5  dilution  of 
typhoid  serum,  and  the  thoroughly  emulsified  mixtures — sernm 
and  bacilli — were  left  for  one  hour  in  the  cold  room.  The 
mixtures  were  then  rapidly  centrifugalized,  and  the  almost 
clear  serum  mixtures  were  at  once  decanted.  There  were  thus 
obtained  an  antityphoid  serum  which  had  been  acted  on  by 
typhoid  bacilli  for  one  hour  In  the  cold,  and  an  ant'typhoid 
serum  which  had  been  similarly  treated  with  paratyphoid  B 
bacilli.  These  serums  were  then  compared  with  a  specimen  of 
the  same  antityphoid  serum,  similarly  ^diluted  but  otherwise 
untreated. 

From  this  experiment  it  appears  that  absorption  with 
paratyphoid  B  removes  the  group  antibody  from  an  anti- 
typhoid serum,  and  that  a  serum  treated  in  this  way  gives 
no  complement  fixation  with  extracts  of  either  paratyphoid 
A  or  B,  while  the  reaction  with  typhoid  extract  is  only 
slightly  reduced.  It  will  be  noticed  that  previous  treat- 
ment of  antityphoid  serum  with  paratyphoid  B  extract 
removes  not  only  the  antibodies  for  paratyphoid  B,  but 
also  the  antibodies  for  paratyphoid  A. 

On  the  other  hand,  previous  treatment  with  typhoid 
bacilli  removes  the  amboceptor  for  typhoid  as  well  as  for 
paratyphoid  A  and  B.  I  hope  to  be  able  to  continue  these 
experiments,  and  more  especially  in  the  direction  of  the 
recognition  of  typhoid  bacilli  in  mixed  culture. 


CINE 


.//  )^ 


hoid^ 


may 
with 
nown 
ading 
'ith  a 
is  to 
hown 


I  that 
3rable 
sntia- 
nized 
-  that 
jority 
allied 
o  the 
fticult 

ier  is 
9),  ill 

was 
.thors 
!d  the 
ns  of 
lately 
on  in 
nts  of 


From  the  Bacteriological  Department  of  the  Lister  Institute. 


I 


I 


i 


[Neprinted  from  flic  Proceedings  of  the  Koval  Society  of  Medicine,  |.     /  j 

April,  1911.] 


Studies    in    Complement    Fixation    with    Strains    of    Typhoid^ 
Paratyphoid,    and    Allied    Organisms. 

By  H.  E.   Dean.' 


The  practical  applications  of  the  complement-fixation  method  may 
be  divided  under  two  headings  :  (1)  The  recognition  of  antibody  with 
the  aid  of  a  known  antigen ;  (2)  the  identification  of  an  unknown 
antigen  with  the  aid  of  known  antibody.  Under  the  second  heading 
fall  the  very  numerous  researches  which  have  been  undertaken  with  a 
view  to  the  finer  differentiation  of  closely  allied  bacteria.  If  value  is  to 
be  set  on  this  differentiation  method  of  classification  it  must  be  shown 
that  it  is  absolutely  specific. 

Although  the  majority  of  workers  have  come  to  the  conclusion  that 
the  complement-fixation  method  is  extremely  specific,  a  considerable 
number  of  papers  have  appeared  in  which  it  is  claimed  that  differentia- 
tion may  be  impossible  between  races  of  bacteria  usually  recognized 
as  distinct.  Although  a  few  workers  have  gone  so  far  as  to  say  that 
the  method  is  useless  for  purposes  of  differentiation,  the  majority 
have  only  found  difficulty  in  distinguishing  between  nearly  allied 
organisms.  In  such  cases  reference  is  very  frequently  made  to  the 
presence  of  a  group  reaction  which  renders  a  sharp  distinction  difficult 
of  attainment. 

For  a  full  account  of  the  literature  of  the  subject  the  reader  is 
referred  to  the  article  on  "  Complement  Fixation,"  by  jNIeier  (1909),  in 
Weichardt's  "  Jahresbericht." 

The  differentiation  of  Bacillus  typhosus  from  Bacillus  coli  was 
recorded  in  Bordet  and  Gengou's  (1902)  original  paper.  These  authors 
immunized  guinea-pigs  with  cultures  of  Bacillus  fijphosufi  and  tested  the 
serum  so  obtained  with  emulsions  of  Bacillus  coli  and  emulsions  of 
Bacillus  typhosus.  They  found  that  complement  was  completely 
absorbed  by  relatively  small  amounts  of  typhoid  bacillary  emulsion  in 
the  presence  of  antityphoid  serum,  but  that  relatively  large  amounts  of 
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Bacillus  coli  emulsion   mixed   with  the  same  antityphoid  serum  were 
necessary  to    produce    even   a  partial    fixation    of    complement.     They 
concluded   that    the  sensitizing   substances  of  antityphoid  serum  were 
markedly  but  not  absolutely  specific.     These  results  were  confirmed  in 
the  same  year  by  Widal  and  Le  Sourd   (1902).     The  differentiation  of 
haciUus  tijplwsus  and  Bacillus  coli  by  this  method  is  also  described  by 
J^.allner  and  Keibmayr  (1908),  Simnitzky  (1908),  and  H.  K.  Dean  (1910). 
The    introduction    by  Wassermann    (1905)   of   bacillary  extracts    in 
place    of   the    previously   used    emulsions    was   followed    by   numerous 
papers    dealing  with  complement  fixation.      Further  improvements   in 
the  method  of  preparation  of  bacterial  extracts  were  devised  by  Leuchs 
(1907),  who  was    able    to    satisfactorily  differentiate  Bacillus   typhosus 
from  Bacillus  paratyphosus,  although  his  results  showed  considerable 
evidence    of    a    strong    group    reaction.      The    results    of    Leuchs,    as 
regards  Bacillus  typliosus  and  Bacillus  paratyphosus,  were  confirmed  by 
Ballner  and  Keibmayr   (1908),  who  also  found  that  differentiation  was 
rendered  difficult  by  the  presence  of  a  marked  group  reaction.     They 
advised    the  use   of   greatly  diluted  antisera.     They  were   able  to   dis- 
tinguish   Bacillus    typhosus    from    Bacillus    coli,    and    either    of    these 
organisms    from    Bacillus  paratyphosus    B    or    from    Bacillus     typhi 
viurium  ;  they  were,  however,  unable  to  distinguish  between  Bacillus 
paratyphosus  B   and    Bacillus    typhi  murium.     An    antityphi   murium 
serum  gave  a  marked  reaction  with  extract  of  Bacillus  typhi  murium 
and  an  almost  equally  marked  reaction  with  extract  of  Bacillus  para- 
typhosus B.     An  antityphoid  or  an  anticoli  serum  was  found  to  give 
a  strong  reaction  with  its  homologous  extract  and  a  less,  but  still  evident 
**  group  reaction  "  with  extracts  of  Bacillus  typhi  7nurium  and  Bacillus 
paratyphosus  B.     The  Bacillus  paratyphosus  B  and  the  Bacillus  typhi 
murium  extracts  were  found  to  give  an  identical  "  group  reaction  "  with 
a  heterologous  serum.     The  group  reactions  observed  by  the  aggluti- 
nation and  complement-fixation  methods  ran  a  parallel  course.     They 
considered  that  the  complement-fixation  method  was  as  sharp  and  as 
specific  as  agglutination,  but  that  it  was  not  to  be  preferred  as  it  was 
so  much    more    complicated,   and    that    consequently   sources   of   error 
were  numerous. 

Simnitzky  (1908)  saturated  an  antityphoid  serum  with  Bacillus  coli 
and  with  Jiacillus  j^aratyphosus  without  removing  the  antibodies  specific 
for  Jiacillus  typhosus.  If,  however,  the  serum  was  treated  with  typhoid 
bacilli  the  complement  binding  properties  for  Bacillus  typhosus  were 
removed  together  with  the  group  antibodies  for  Bacillus  paratyphosus 


Pathological  Section  3 

Posner  (1908)  worked  with  the  serum  of  patients  suffering  from 
typhoid  and  paratyphoid  infections.  He  concluded  that  the  complement- 
fixation  method  was  unsuitable  for  the  differentiation  of  typhoid  and 
paratyphoid  infections. 

Spat  (1908),  who  also  made  use  of  clinical  material,  came  to  the 
conclusion  that  complement  fixation  did  not  afford  a  means  of  differ- 
entiating between  the  infections  caused  by  members  of  the  typhoid  and 
paratyphoid  group. 

From  these  papers  it  appears  that  considerable  difficulty  has  been 
experienced  in  the  differentiation  of  typhoid  from  paratyphoid.  Specific 
differences  are  recorded  by  Leuchs  and  Ballner  and  Keibmayr,  who, 
however,  found  it  necessary  to  employ  very  dilute  antisera.  The 
presence  of  a  group  reaction  is  described  in  both  these  papers  and  to 
this  group  reaction  may  probably  be  attributed  the  negative  results 
published  by  Spat  and  Posner. 

The  experiments  published  by  H.  K.  Dean  (1910)  showed  that  with 
the  low  dilutions  of  antiserum  no  differentiation  was  possible  between 
Bacillus  typhosus,  Bacillus  paratypJwsus  B  and  Bacillus  paratyphosus  A. 
When,  however,  the  antiserum  was  highly  diluted  complete  differentia- 
tion was  obtained.  Experiments  were  also  published  which  confirmed 
the  absorption  experiments  of  Simnitzky. 

One  of  the  most  useful  applications  of  the  complement-fixation 
method  has  been  the  attempt  to  classify  the  various  strains  which  have 
been  isolated  from  cases  of  food-poisoning.  Sacquepee  (1907)  was  able 
to  effect  a  separation  into  two  groups  which  he  called  "  Enteritis  I  "  and 
"  Enteritis  II."  The  group  Enteritis  I  comprises  Bacillus  Gaertner, 
Bacillus  Morseele  and  Bacillus  Bruxelles.  The  group  Enteritis  II 
comprises  Bacillus  Aertrych,  Bacillus  Posen,  Bacillus  Dilsseldorf, 
Bacillus  Sirault,  the  bacillus  of  hog-cholera,  Bacillus  psittacosis,  and 
Bacillus  pai'atyphosus  B. 

A  serum  prepared  by  immunization  with  any  organism  in  Group  I 
gave  a  marked  reaction  with  any  other  member  of  Group  I,  but  no 
reaction  with  any  member  of  Group  II.  In  the  same  way  a  serum 
prepared  by  immunization  with  any  organism  of  Group  II  was  specific 
in  its  action  and  reacted  equally  well  with  any  of  the  members  of 
Group  II,  but  not  with  the  members  of  Group  I. 

Pitt  (1909)  investigated  the  Bacillus  nodulifaciens  bovis  (Langer) 
and  decided  that  it  should  be  included  in  the  Gaertner  group.  He  was, 
however,  unable  to  distinguish  Bacillus  Gaertner  from  Bacillus  typhosus 
by  the  complement-fixation  method,  and  for  this  reason  concluded  that 
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it  was  questionable  if  complement  fixation  was  more  delicate  than  the 
previously  employed  serological  tests. 

The  classification  of  the  organisms  forming  the  food-poisoning  group 
has  recently  been  very  fully  investigated  by  Altmann  (1910) .  This  author, 
as  a  result  of  agglutination  experiments,  divided  the  Salmonella  group 
into  two  sub-groups:  Enteritis  I — Paratyphoid  B  (Schottmiiller),  the 
bacillus  of  hog-cholera,  Bacillus  psittacosis,  Bacillus  tijpJii  murium,  the 
so-called  "  Schweinepest "  bacillus,  Bacillus  pseudo-tuberculosis  of 
guinea-pigs,  and  food-poisoning  bacilli  of  the  type  of  Fliigge,  that  is  to 
say,  Bacillus  Aertryck.  Enteritis  II — The  rat  virus  organisms  of  the 
type  of  Danysz,  Dunbar,  and  Issatschenko,  food-poisoning  bacilli  of  the 
type  of  Bacillus  Morseele.  For  the  purpose  of  his  complement-fixation 
experiments  Altmann  employed  seventeen  strains  from  Group  I,  namely, 
e\ght  stvsiins  oi  Bacillus paratyphosus  B  (Schottmiiller),  two  strains  of 
so-called  "  Schweinepest  "  bacilli,  one  strain  of  Bacillus  typhi  murium, 
one  strain  of  Bacillus  pseudo-tuberculosis,  and  one  strain  of  Bacillus 
psittacosis.  Five  strains  of  Group  II  were  used,  namely,  the  strains 
Morseele  and  Bruges,  and  the  three  rat  poisons,  Bunbar,  Batin,  and 
Danysz.  Extracts  of  these  organisms  were  made  by  Leuchs'  method. 
Using  a  paratyphoid  B  serum,  the  author  obtained  a  marked  reaction 
with  each  of  the  seventeen  strains  from  Group  I,  no  reaction  with  the 
strains  of  Group  II,  and  no  reaction  with  Bacillus  typhosus  and  Bacillus 
coll.  An  exactly  similar  result  was  obtained  by  the  use  of  a  serum 
derived  from  an  animal  innnunized  with  Bacillus  suipestifer. 

Although  the  author  states  that  no  differentiation  was  obtained 
between  the  various  strains  of  Group  I,  the  published  table  shows  that 
very  considerable  differences  in  the  intensity  of  the  reaction  occurred. 
By  the  use  of  a  serum  derived  from  an  animal  immunized  with  Bacillus 
Morseele,  Altmann  obtained  a  marked  reaction  with  the  extracts  pre- 
pared from  the  members  of  Group  II,  but  no  reaction  with  the  extracts 
prepared  from  the  strains  included  under  Group  I.  He  concludes  that 
further  differentiation  within  the  two  groups  is  impossible. 

Bainl)ridgc  (J  911)  has  shown  that  by  the  use  of  Castellani's  absorp- 
tion meth(Ml  it  is  possible  to  distinguish  Bacillus  paratyphosus  B 
(Schottmiiller)  from  Bacillus  Aertryck.  Bacillus  paratyphosus  B  is 
associated  by  Bainbridge  with  paratyphoid  fever,  while  the  typical 
symptoms  of  meat-poisoning  are  associated  with  a  bacillus  which  is 
in  every  respect  identical  with  Bacillus  Aertryck.  No  differentiation, 
however,  is  possible  between  Bacillus  Aertryck,  Bacillus  suipestifer, 
and  the  bacillus  associated  with  the  epizootic  disease  of  guinea-pigs. 
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It  will  be  seen  that  Bainbridge's  results  are  opposed  to  those  of 
Altmann,  who  was  unable  to  differentiate  between  Bacillus  para- 
typhosus  B  and  Bacillus  Aertryck. 

From  these  and  other  papers  on  the  subject  it  appears  that  the 
complement-fixation  method  is  a  means  of  demonstrating  a  highly 
specific  reaction  between  a  bacillary  extract  and  its  homologous  anti- 
serum. The  specific  reaction  is,  however,  in  considerable  danger  of 
being  masked  by  the  presence  of  a  more  or  less  strong  group  reaction. 
The  group  reaction,  while  it  adds  considerably  to  the  difhculties  of 
differentiation,  is  not  without  interest,  from  the  insight  which  it  affords 
as  to  the  degree  of  relationship  between  nearly  allied  organisms. 

General  Object  of  the  Experiments. 

The  object  of  the  experiments  which  are  to  be  described  has  been: — 

(1)  To  determine  the  conditions  under  which  the  most  complete 
differentiation  can  be  affected. 

(2)  To  determine  the  influence  of  relative  excess  of  antigen  and  of 
relative  excess  of  antibody  on  the  absorption  of  complement. 

(3)  To  determine  if  it  is  possible,  by  the  use  of  the  complement- 
fixation  method,  to  differentiate  Bacillus  paratyphosus  B  (Schottmiiller) 
from  Bacillus  Aertryck. 

Methods. 

Preparatio7i  of  Bacterial  Extracts. — All  the  extracts  used  in  these 
experiments  were  prepared  by  the  same  method.  Eoux  bottles  con- 
taining nutrient  agar  were  freely  inoculated  from  a  broth  culture  and 
kept  in  the  incubator  at  37°  C.  for  forty-eight  hours.  The  agar  surface 
of  such  bottles  is  about  20  cm.  by  10  cm.  After  forty-eight  hours,  the 
growth  in  each  bottle  was  rapidly  emulsified  w^ith  20  c.c.  of  distilled 
water.  The  bacterial  emulsion  was  then  decanted  into  a  sterile  flask 
and  subsequently  pipetted  off  into  sterile  test-tubes,  in  amounts  of  about 
5  c.c.  to  each  tube.  In  some  cases  the  emulsion  was  treated  for  one 
hour  at  60°  C.  This  preliminary  heating  was  not  found  to  have  any 
effect  favourable  or  unfavourable  on  the  properties  of  the  extract,  but 
it  is  recommended,  as  it  obviates  risk  of  infection.  The  tubes  con- 
taining the  bacterial  emulsion  were,  after  a  thorough  shaking,  innnersed 
in  an  ice  and  salt  freezing  mixture.  The  emulsion  was  allowed  to  freeze 
hard,  and  then  to  thaw  slowly  at  room  temperature.  The  emulsion  was 
usually  prepared  in  the  morning,  and  after  the  first  freezing  was  allowed 
to  stand  at  room  temperature,  with  occasional  shaking,  until  the  evening, 
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when  the  freezing  process  was  repeated.  After  the  emulsion  had  been 
thawed  for  the  second  time,  it  was  placed  in  a  strong  bottle  containing 
glass  beads  and  shaken  all  night  in  a  shaking-machine.  On  the  second 
day  the  emulsion  was  pipetted  in  quantities  of  5  c.c.  into  test-tubes,  and 
the  freezing  and  thawing  process  was  repeated  in  the  morning  and 
in  the  evening.  During  the  second  night  the  emulsion  was  again 
thoroughly  shaken  in  a  strong  bottle  containing  glass  beads.  On  the 
third  day  the  emulsion  was  centrifugalized.  The  supernatant  fluid, 
which  was  either  quite  clear  or  only  very  slightly  opalescent,  was 
decanted  into  a  sterile  flask  and  stored  for  use  in  the  cold  room. 

Antisera. — The  antisera  were  prepared  by  the  intravenous  injection 
of  rabbits  with  saline  emulsions  of  twenty-four-hour  agar  cultures.  Each 
rabbit  received  four  or  five  injections  at  intervals  of  four  or  five  days, 
and  was  tested  on  the  eighth  day  after  the  last  injection.  If  it  was 
found  to  be  satisfactory,  the  animal  was  bled  out  on  the  ninth  or  tenth 
day.  The  serum,  which  had  separated  after  twenty-four  hours,  was 
heated  for  half  an  hour  at  56°  C.  The  inactivated  serum  was  stored  in 
small  sealed  glass  bottles,  each  of  which  contained  about  2  c.c. 

The  H^.molytic  System. 

The  hfemolytic  system  consisted  of  washed  sheep  corpuscles,  haemo- 
lytic  serum  derived  from  rabbits  which  had  been  injected  with  sheep 
corpuscles,  and  fresh  guinea-pig  serum.  The  guinea-pig  serum  was 
freshly  prepared  on  the  same  day  as  the  experiments  were  carried  out. 
The  hoemolytic  system  was  titrated  on  each  occasion,  and  an  amount  of 
haemolysin  was  used  in  the  complement-fixation  experiment,  which 
contained  about  four  minimal  lytic  doses. 

Experimental    Methods. 

The  bulk  of  fluid  in  every  tube  was  2'5  c.c,  made  up  of  five  separate 
quantities,  each  of  0'5  c.c.  P]ach  tube  contained  0"5  c.c.  of  diluted 
bacterial  extract  (antigen),  0'5  c.c.  of  diluted  serum  (antibody),  and  0'5  c.c. 
of  a  1  in  10  dilution  of  fresh  guinea-pig  serum  (complement).  After 
one  hour's  incubation  at  37^  C,  there  were  added  to  each  tube  0"5  c.c.  of 
the  previously  determined  dilution  of  haemolytic  serum,  and  0*5  c.c.  of 
a  1  in  20  suspension  of  washed  sheep  corpuscles.  The  tubes  were  then 
incubated  for  a  period  varying  between  forty-five  minutes  and  two 
hours.  The  series  of  tubes  was  removed  from  the  incubator,  when  the 
controls  showed  complete  ha;molysis. 

The   .strains   used    in   this    series   of  experiments  were  as  follows : 


Pathological  flection  7 

Three  strains  of  JJacUlus  typhosus  isolated  by  Dr.  Ledin^haui  from 
typhoid  carriers,  and  designated  Math.,  T.,  and  Mie.  Four  strains  of 
Bacillus  paratyphosus  B,  designated  Schott.,  MacW.,  Ma,  and  P/J.  One 
strain  of  Bacillus  paratyphosus  A,  one  strain  of  Bacillus  enter itidis, 
Gaertner,  three  strains  from  cases  of  food-poisoning  in  men,  designated 
Diisseldorf,  H.A.,  and  A. 8,  one  strain  isolated  from  food  and  one  strain 
isolated  from  a  healthy  pig. 

All  the  strains  except  the  typhoid  and  the  Gaertner  strains  were 
given  to  me  by  Dr.  Bainbridge.  The  strains  were  carefully  tested 
before  the  commencement  and  at  frequent  intervals  during  the  course 
of  the  experiments.  In  all  cases  the  typical  sugar  reactions  were 
obtained. 

Analysis  of  Results. 

The  results  of  the  experiments  are  recorded  in  the  annexed  tables  : — 
Table  I  :  In  the  experiment  illustrated  in  Table  I  an  antityphoid 
serum  has  been  titrated  with  an  extract  made  from  another  strain  of 
Bacillus  typhosus.  It  will  be  seen  that  this  serum  acts  best  in  a  dilution 
of  1  in  20  or  1  in  40,  that  in  the  dilutions  of  1  in  80  and  in  1  in  160  the 
reaction  is  less  but  still  very  marked.  A  very  fair  result  is  obtained  in  a 
dilution  of  1  in  320,  while  in  a  dilution  of  1  in  640  the  fixation  of  com- 
plement is  hardly  appreciable.  The  effect  of  excess  of  antibody  may  be 
seen  by  comparing  the  results  in  the  first  three  rows.  It  will  be  seen 
that  a  dilution  of  1  in  20  is  more  effective  than  a  dilution  of  1  in  10  and 
that  a  dilution  of  1  in  10  is  more  effective  than  a  dilution  nf  1  in  5. 
This  effect  is  evidenced  in  the  tubes  5,  6  and  7  of  the  first  three  rows. 
In  tube  7,  row  A,  haemolysis  was  almost  complete  ;  in  tube  7,  row  C, 
there  was  only  the  slightest  trace  of  haemolysis.  This  result  indicates 
that  when  the  extract  is  diluted  1  in  320  and  the  serum  1  in  5,  an  excess 
of  antibody  is  present  which  prevents  the  fixation  of  complement.  In 
tube  7  of  row  C  the  same  amount  of  antigen  is  present,  but  only  one- 
quarter  of  the  amount  of  antibody.  In  this  tube  the  complement  was 
almost  completely  fixed.  The  effect  of  excess  of  antigen  is  more  difficult 
to  demonstrate  because  it  is  a  difficult  matter  to  prepare  extracts  rich  in 
antigen  and  because  large  doses  of  bacterial  extract  have  a  great  tendency 
to  spontaneous  absorption  of  complement.  A  slight  indication  of  this 
effect  can,  however,  be  made  out  in  row  G,  tubes  1  and  2.  In  these 
tubes  the  amounts  of  extract  present  were  O'l  c.c.  and  0'05  c.c.  respec- 
tively. These  amounts  appear  to  represent  a  slight  antigen  excess,  for 
a  trace  of  haemolysis  was  noticed.  When  the  amount  of  extract  was 
reduced  (tubes  4,  5  and  6)  no  haemolysis  occurred.     The  amount  of  serum 
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was  the  same  in  all  tubes  of  row  G.  From  this  experiment  it  is  evident 
that  a  quantitative  relationship  exists  between  antigen  and  antibody  and 
that  excess  of  either  constituent  is  unfavourable  to  the  fixation  of 
complenaent.  In  working  with  bacterial  extracts  the  inhibitory  influence 
of  excess  of  antigen  is  of  theoretical  rather  than  of  practical  interest,  for 

Table   I. — Titeation   of  Anti- 
Serum  prepared  by  injecting  a  rabbit  intravenously  with  Bacillus  typhosus 


Dilutions  of 
typlioid    extract 
"Math."  0-5  c.c. 

Dilutions  of  antityphoid 

A 
0'5  C.c.  of  1  in  5 

B 

0-5  c.c.  of  1  in  10 

C 
0-5  c.c.  of  1  in  20 

D 

0-5  c.c.  of  1  in  40 

1 

2 
3 
4 

5 

G 

7 

8 

0 

10 

1    in           5 

1    in        10 
1    in        20 
1    in        40 

1    in        80 

1    in      IGO 

1   in      320 

1    in      GIO 

1    in   1,280 

1    in  2,500 

No  haemolysis 
»»            > ) 

>>            » > 

Trace  haemolysis 

Marked  haemolysis 

Almost     complete 
hicmolysis 

Complete     haemo- 
lysis 

>  )                          u 
' '                     )  > 

No  haemolysis 

>»            >> 
>»            >) 
)>            >> 

>>            >> 

Trace  haemolysis 

Marked  haemolysis 

Almost    complete 
haemolysis 

Complete     haemo- 
lysis 

No  haemolysis 

>  >             >> 
»>             '> 

» >             >> 

5  5                            >> 

Trace    haemolysis 

Marked  haemolysis 

Almost     complete 
haemolysis 

Complete     haemo- 
lysis 

No  haemolysis 

>>             >» 
>>             >> 
>>             >> 

>>                            7> 
>5                           >> 

Trace   haemolysis 

Marked  haemolysis 

Complete     hemo- 
lysis 

11 

0-5 c.c.  normal 
saline  serum 
fontrol 

Complete     haemo- 
lysis 

Complete     haemo- 
lysis 

Complete     haemo- 
lysis 

Complete    haemo- 
lysis 

Nine  parallel  rows,  each  consisting  of  eleven  tubes,  were  set  up.  In  the  tubes  numbered 
1  to  10,  in  all  nine  rows,  were  put  successive  dilutions  of  extract.  The  bulk  of  extract 
dilution  was  05  c.c.  in  each  tube.  The  tubes  numbered  1  in  all  nine  rows  contained  the 
same  amount  of  extract,  namely,  0-1  c.c.  of  extract  diluted  to  0-5  c.c.  with  normal  saline. 
The  tubes  numbered  2  in  all  rows  contained  half  as  much  extract  diluted  to  the  same  bulk, 
that  is  to  say,  0'05  extract  diluted  with  normal  saline  to  0-5  c.c.  and  so  on.  Half  a  cubic 
centimetre  of  normal  saliue  was  then  added  to  all  tubes  in  the  ninth  row,  and  to  the  tubes 
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it  is  a  diflicult  iiiattei'  to  make  an  extract  sufficiently  rich  in  antigen. 
The  possibihty  of  a  relative  excess  of  antiserum  is  a  matter  of  more 
practical  importance.  For  instance,  if  the  object  of  the  experiment  be 
to  detect  a  very  small  quantity  of  antigen,  the  optimal  dilution  of  the 
antiserum  must  be  determined  by  a  preliminary  test  of  the  antiserum 

SERUM  WITH  Homologous  Extract. 

(Strain  T.).     The  typhoid  extract  was  prepared  from  Strain  M. 


HEATED    RABBIT  SERUM   (STRAIN   T.) 


E 

0-5  c.c.  of  1  in  80 


No  haemolysis 


0-5  c.c.  of  1  in  160 


G 
0  5  c.c.  of  1  in  320 


No  haemolysis        Trace    haemolysis 


>>  >» 


>>  »> 


Slight  haemolysis 


Marked  haemolysis 


Complete     haemo- 
lysis 


>  >  >> 

>>  >> 

>>  >  > 

>»  >> 

Slight  haemolysis 
Marked  haemolysis 


>i  >> 


No  haemolysis 


})  »y 


H 

0-5  c.c.  of  1  in  640 


0'5  CO.  normal  saline 
(extract  control) 


Slight    haemolysis  ,  Complete     ha}mo- 
j     lysis 

Marked  haemolysis 


Almost     complete 
haemolysis 


Half     haemolysed    Complete    haemo- 
lysis 


Marked  haemolysis 


)>  >» 


Almost    complete     Complete    haemo- 
haemolysis  lysis 

Complete     haemo- 
lysis 


>>  »» 


>>  j> 


M  »• 


Complete     haemo- 
lysis 


numbered  11  in  all  the  other  rows.  The  tubes  in  the  ninth  row  (I)  constituted  the  extract 
controls.  The  tubes  numbered  11  constituted  serum  controls.  The  tubes  in  rows  A  to  H 
received  each  half  a  cubic  centimetre  of  the  serum  dilution  mentioned  at  the  top  of  each 
column.  To  every  tube  was  added  0-5  c.c.  of  a  1  in  10  dilution  of  fresh  guinea-pig  serum. 
The  experiment  was  then  incubated  for  one  hour,  and  then  0*5  c.c.  of  a  1  in  20  suspension 
of  sheep  corpuscles  and  0*5  of  a  1  in  600  dilution  of  haemolysin  were  added. 
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with  the  homologous  extract.  Unless  this  is  done  the  antiserum  will 
not  be  given  the  best  chance  of  detecting  a  trace  of  antigen.  Such  a 
preliminary  titration  also  serves  the  more  obvious  purpose  of  ascertaining 
how  far  the  particular  serum  may  be  diluted.  For  the  differentiation  of 
two  nearly  allied  organisms,  the  highest  dilution  should  be  chosen  which 
gives  a  well-marked  reaction  with  the  homologous  extract.  A  knowledge 
of  the  antibody  content  of  a  serum  is  best  obtained  by  titrating  the  serum 
with  the  homologous  extract  in  such  a  way  that  each  dilution  of  serum  is 
allowed  to  interact  with  each  dilution  of  extract.  It  is  always  advisable 
to  carry  out  a  preliminary  test  of  this   nature  with  every  serum,  as  the 


Table  II. — Serum  Antityphoid  (Strain  T.).     Extracts  of  Typhoid  (Strain  Math. 


Extract 
dilutions 
0-5  c.c.  of 

Typhoid  kxtract  (strain  Math.) 

! 

j       Typhoid  extract  (strain  "T.") 

Bacillus  Aektryck  extract 
(strain  AE) 

+  0-.J  f.C. 

antityphoid 
serum 
lin  10 

+  0-5  c.c. 

ami  typhoid 

serum 

1  in  100 

+  0-5  c.c. 
normal 
saline 

+  0-5  c.c. 

antityphoid 

serum 

1  in  10 

+  0-5  c.c. 

antityphoid 

serum 

1  in  100 

+  0-5  c.c. 
normal 
saline 

+  05  c.c. 

antityphoid 

serum 

1  in  10 

1 

+  OT)  c.c. 

antityphoid 
serum 
1  in  100 

+  0-.')  c.c. 
normal 
saline 

solution 

1 

1  in     5 

No 
hoemolysis 

No 
haemolysis 

Complete 
haemolysis 

No 
huBmolysis 

No 
bsemolysis 

Complete 
haemolysis 

No 
haemolysis 

Complete 
haemolysis 

Complete 
haemolysis 

2 

1  in  10 

It        » ) 

• 

>  >        1  > 

i 
»»        >>  .       ),        ,,          ,,        ,, 

1 

)>        > ) 

>»        >) 

>>        )  > 

) )        ■>■> 

3 

1  in  20 

»>        >> 

»»        »>          )i        »» 

> )        )  >          » )        > ) 

> )        > ) 

"        "    . 

'>        >  >     1     >  >        >> 

4 

1  in  40 

i»        • ' 

"        >» 

>>                  >>                      M                  )) 

)  >        ) ) 

)  >        )  > 

>)        >>          >  J       >> 

5 

1  in  80 

»>        >> 

) )        » ) 

>  »                 >  ) 

>  >        >> 

»>        >> 

>>        >» 

"       > '          )»        1 ) 

G 

1  in  160 

»'        '» 

»>        >> 

»>                 )> 

'  >        >> 

>>        1  > 

)  >        >> 

)»        >>          >i        »> 

7 

1  in  320 

Trace 
ha.'moly.sis 

>>        >» 

Trace 
hajmolysis 

>>        )> 

>'        j> 

Trace 
haemolysis 

>•        >>          )>        )> 

8 

1  in  640 

Marked 
haemolysis 

Trace 
haemolysis 

Complete 
hiemolysis 

Trace 
huiiiiol}  sib 

>»        >i 

"        " 

>  >        »>          >  >        >> 

9 

I  in  1280 

Complete 
birniolysis 

Marked 
biiniolysis 

'»        >> 

Almost 
complete 
hieniolysis 

>>        >» 

1 

Almost 
com  pic  I  c 
ha'inolysis 

1 

>  •                   !>            !            >>                   H 

01  c.c,  0-05  c.c.,001  c.c.  and  0005  c.c.  of  typhoid  antiserum  were  put  up  without  extract 
as  serum  controls ;  complete  hannolysis  took  place  in  every  tube. 

From  each  extract  were  made  three  parallel  sets  of  dilutions.  To  the  first  row  was  added 
antityphoid  serum  1  in  10,  to  the  second  row  antityphoid  scrum  1  in  100,  to  the  third  row 
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knowledge  so  gained  is  of  use  in   determining  the  dose  of   antiserum 
appropriate  for  use  in  subsequent  experiments. 

Table  II :  This  table  illustrates  the  reaction  between  an  antityphoid 
serum  and  extracts  prepared  from  strains  of  Bacillus  typhosus,  Bacillus 
paratyphosus,  and  a  strain  of  Bacillus  Aertryck.  With  each  extract 
three  sets  of  dilutions  were  made.  To  one  set  no  serum  was  added, 
and  this  set  served  the  purpose  of  an  extract  control.  The  second  set 
received  antityphoid  serum  in  a  dilution  of  1  in  100,  while  the  third  set 
received  antityphoid  serum  in  a  dilution  of  1  in  10.  An  examination  of 
the  table  shows  that  with  a  serum  dilution  of  1  in  10  no  differentiation 

AND  T.),  OF  Paratyphoid  A  and  of  Paratyphoid  B  (Strains  Schott.  and  MacW.). 


Extract  of  paratyphoid  A 


+  0-5  c.c. 

antityphoid 

serum 

1  in  10 


No 

haemolysis 

> )        '» 
>>        >> 


+  0-5  c.c. 

antityphoid 

serum 

1  in  100 


Almost 
complete 


+  0-5  c.c. 
normal 
saline 


Almost 
complete 


haemolysisj  haemolysis 
Complete 
haemolysis 


»>        >> 


Extract  of  paratyphoid  B 
(strain  Schott.) 


+  0*5  c.c. 

antityphoid 

serum 

1  in  10 


No 
haemolysis 


+  0-5  c.c. 

antityphoid 

serum 

1  in  100 


+  0-5  c.c. 
normal 
.saline 


Complete 
haemolysis 


Complete 
haemolysis 


Extract  of  paratyphoid  H 
(strain  MacW.) 


+  0-5  c.c.  +0-5  c.c.     ■      .   o-scc 

antityphoid  antityphoid        „^^^;,  * 

serum  serum 

1  in  10  1  in  100 


normal 
saline 


Complete 
haemolysis! 


J)       i>         >i       >>         »>        ) 


>>        >>  »i        ) 


Trace 
haemolysis 

Almost 
complete 
haemolysis 

Almost 
complete 
haemolysis 


»»  >»        ) 


11        >> 


>»        >> 


>>        >> 


1 1        1 


11        1 


11        > J     I     '>        » ) 


11        11 


No  Almost        Almost 

haemolysis   complete     complete 
haemolysis  haemolysis 
Complete  .  Complete 


>>        > )  ' )        >  >  > »        >> 


11        11  11        11 


11         11 


haemolysis 


haemolvsis 


11        11 


Almost 
complete 
haemolysis 
Complete 
haemolysis 


j»       i> 


>>       11 


Trace      ' 
haemolysis, 

'       Half      ' 
haemolysed 

Complete 
I  haemolysis 


normal  saline  solution.  The  third  row  constituted  the  extract  control.  To  every  tube  was 
added  0*5  c.c.  of  a  1  in  10  dilution  of  fresh  guinea-pig  serum.  The  experiment  was  then 
incubated  for  one  hour,  and  then  there  were  added  0*5  c.c.  of  a  1  in  20  suspension  of  washed 
sheep  corpuscles  and  a  1  in  500  dilution  of  baemolytic  serum. 
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is  possible  between  Bacillus  typhosus,  Bacillus  paratyphosus  A,  Bacillus 
jmratyphosus  B,  and  Bacillus  Aertryck.  When,  however,  a  1  in  100 
dihition  of  the  serum  is  employed  the  typhoid  extract  is  completely 
differentiated  from  the  other  extracts. 

Table  III :  This  table  illustrates  the  titration  of  a  serum  derived 
from  a  rabbit,  which  had  been  injected  with  paratyphoid  A  bacilH. 
A  comparison  of  row  A  with  row  B  shows  the  influence  of  excess  of 
antibody  in  diminishing  the  reaction. 


Table  III. — Antiserum  derived  from  Rabbit  after  Intravenous  Injection 

OF  Paratyphoid  A. 

Extract  prepared  from  the  same  strain  of  Paratyphoid  A. 


I'jiratyphoid 
A  extract, 

0'5  c.c.  of  a 
dilution 


A 
!  +   0-5   c.c.    of 
I  paratyphoid  A 
I  antiserum  dilu- 
tion 1  in  5 


B 

+   0-5  c.c.   of 
paratyphoid  A 
antiserum  dilu- 
tion 1  in  20 


1  in     20 


1  in     40 


No     haemo- 
lysis 


1  in  320 


>  >         1 » 


c 

+   0-5  c.c.   of 

1  in  80  dilution 

of  antiserum 


D 
+   0-5  c.c.   of 
1   in  320  dilu- 
tion of  anti- 
serum 


3  1  in     80    Trace  ha?mo-' 

I     lysis  ' 

I  !  ' 

4  !    1  in  160      Complete 

haemolysis 


No    haemo- 
lysis 


)  t         >> 


Trace  haemo- 


No     haemo- 
lysis 


>  >         » ) 


Trace  haemo  ;      Almost 
lysis  lysis  complete 

haemolysis 
Complete    i    Complete    i     Complete 
haemolysis       haemolysis    I    haemolysis 


E 

+   0*5  c.c.   of 

1  in  5  dilution 

of  normal 

serum 


No     haemo- 
lysis 


Complete 
haemolysis 


)  >         > ) 


F 

-f  0-5   c.c. 

normal  saline 


Complete 
haemolysis 


>>         »> 


J>  >  >  M  >  > 


>  )  >»  I  >»  ) t 


As  a  further  control,  2  in  5,  1  in  5,  and  1  in  10  dilutions  of  extract  were  prepared.  No 
antiserum  was  added  to  these  tubes,  but  the  bulk  was  made  up  with  05  c.c.  normal  saline 
solution.  Dilution  2  in  5  showed  marked  haemolysis,  dilutions  1  in  5  and  1  in  10  showed 
complete  h.-fmolysis.  The  scrum  controls  of  tubes  containing  single  and  double  the  amounts 
of  scrum  used  in  the  corrcspondiog  columns  of  the  experiment,  but  without  the  addition  of 
bacillary  extract.     All  the  serum  controls  showed  complete  haemolysis. 

In  this  experiment  six  identical  and  parallel  rows  were  prepared  so  that  the  tubes  of  the 
same  number  in  each  row  contained  the  same  dilution  of  extract.  For  instance,  tube  1  in 
every  row  contained  0*025  extract  diluted  to  0-5  c.c.  with  saline  solution.  Every  tube  of 
row  A  then  received  0*5  c.c.  of  a  1  in  5  dilution  of  antiserum.  To  every  tube  of  row  B  was 
added  0-5  c.c.  of  a  1  in  20  dilution,  to  every  tube  of  row  C  0-5  c.c.  of  a  1  in  80  dilution,  and 
to  every  tube  of  row  I)  05  c.c.  of  a  1  in  320  dilution  of  antiserum.  Each  of  the  tubes 
of  row  E  received  0-5  c.c.  of  a  1  in  5  dilution  of  normal  serum,  and  in  row  F  each  tube 
received  O'S  c.c.  of  normal  saline  solution.  All  tubes  then  received  0*5  c.c.  of  a  1  in  10 
dilution  of  fresh  guinea-pig  serum,  and  the  experiment  was  then  incubated  for  one  hour.  At 
the  expiration  of  the  hour  there  were  added  0*5  c.c.  of  a  1  in  20  suspension  of  washed  sheep 
corpuscles  and  05  c.c.  of  a  1  in  1,000  dilution  of  haemolvtic  scrum, 
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Table  IV :  This  table  shows  the  group  reaction  obtained  by  the 
use  of  a  large  amount  of  serum  (dilution  1  in  20)  and  the  complete 
differentiation  obtained  by  the  use  of  a  small  amount  of  serum 
(dilution  1  in  200). 

Table  V  :  This  table  illustrates  the  titration  of  a  serum  obtained 
from  a  rabbit,  which  had  been  injected  with  Bacillus  paratyphosus  13, 
with  the  homologous  extract. 

Table  VI :  Extracts  prepared  from  Bacillus  typhosus,  Bacillus  para- 
typhosus A,  Bacillus  paratyphosus  B,  and  Bacillus  Aertryck  are  titrated 
with  paratyphoid  B  serum  in  four  separate  dilutions.  With  a  dilution 
of  1  in  10  no  differentiation  is  possible  ;  with  a  dilution  of  1  in  50 
a  great  difference  is  perceptible  between  the  extracts  of  Bacillus  para- 
typhosus B  and  Bacillus  Aertryck  as  compared  with  the  extracts  of 
Bacillus  typhosus  and  Bacillus  paratyphosus  A.  When  the  serum  is 
diluted  1  in  100  the  reaction  with  Bacillus  typhosus  and  Bacillus 
paratyphosus  A  almost  disappears,  but,  with  this  dilution  of  serum 
Bacillus  paratyphosus 'B  cannot  be  differentiated  hovn  Bacillus  Aertryck. 
With  a  dilution  of  1  in  200,  however.  Bacillus  paratyphosus  B  is  satis- 
factorily differentiated  from  Bacillus  Aertryck,  as  well  as  from  Bacillus 
typhosus  and  Bacillus  paratyphosus  B. 

Table  VII :  It  is  here  shown  that  by  the  use  of  a  1  in  300  dilution 
of  the  paratyphoid  A  serum  two  strains  of  Bacillus  paratyphosus  B  are 
differentiated  from  strains  of  Bacillus  typhosus,  Bacillus  paratyphosus  K, 
Bacillus  Aertryck,  and  Bacillus  enteritidis,  Gaertner. 

Table  VIII  :  The  extracts  employed  in  this  experiment  were  pre- 
pared from  strains  of  the  Paratyphoid-Aertryck  group,  isolated  from 
various  sources  :  Diisseldorf — a  strain  isolated  from  a  case  of  food- 
poisoning  in  man.  B.A. — isolated  from  food.  Heyd.  Ali. — a  strain 
isolated  from  man  (nature  of  illness  unknown).  M.A. — strain  isolated 
from  healthy  man.  P.E.  9 — strain  isolated  from  paratyphoid  carrier. 
840 — Strain  isolated  from  healthy  pig.  The  sera  used  in  this  experi- 
men;t  (Table  VIII)  were  the  paratyphoid  B  serum  used  in  the 
experiments  of  Tables  V,  VI,  and  VII,  and  a  serum  (designated  O'B.) 
obtained  from  a  rabbit  injected  with  a  strain  derived  from  a  guinea-pig. 
This  strain,  which  was  isolated  from  a  case  of  epizootic  disease  among 
guinea-pigs  was  identical  in  sugar  reactions  and  agglutination  tests  with 
Bacillus  Aertryck.  For  all  these  strains  and  for  the  serum  O'B.  I  am 
indebted  to  the  kindness  of  Dr.  Bainbridge.  Table  VIII  shows  that 
the  strains  M.A.  and  P.R.  9  are  to  be  regarded  as  paratyphoid  B.  The 
other  four  strains,  namely,  Diisseldorf,  B.A.,  Heyd.  Ali.,  and  840,  react 
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Table  VI. 


0\1  r.c.  of 

ox tract 

dilutions 


Typhoid  extract 

(strain  Math.) 

+  0-5  c.c.  of  a 

1  in  10  dilution  of 

paratyphoid  13  serum 


Paratyphoid  A 

extract 

+  0-5  CO.  of  a 

1  in  10  dilution  of 

paratyphoid  B  serum 


1  1  in     10  No  haemolysis 


2  1  in     '20 


3  1  in     40 


1  in     80 


1  in  IGO        Trace  haemolysis 


1  in  320        Almost  complete 
haemolysis 


1  in  640 
1  in  1280 


Complete 
haemolysis 


Typhoid  extract 

+  0";j  c.c.  of  a 

1  in  50  dilution  of 

paratyphoid  B  serum 


No  haemolysis 


>  >  j» 


Paratyphoid  B  ex- 
tract (strain  Schott.) 
+  0-5  c.c.  of  a 

1  in  10  dilution  of 
paratyphoid  B  serum 


No  haemolysis 


5  >  >  > 


Trace  haemolysis 


Trace  haemolysis  i  Half  haemolysed 


Marked 

haemolysis 

Complete 
haemolysis 


Almost  complete 
haemolysis 

Complete 
haemolysis 


Aertryck 

extract 

+  0*5  c.c.  o(  a 

1  in  10  dilution  of 

paratyphoid  B  serum 


No  haemolysis 


> »  >» 


Trace  haemolysis 


Half  haemolysed 


Complete 
haemolysis 


Paratyphoid  A 
extract  +  0'5  c.c.  of 
a  1  in  50  dilution  of 
paratyphoid  B  serum 


Paratyphoid  B 
extract  4  0*5  c.c.  of 
a  1  in  50  dilution  of 
paratyphoid  B  serum 


1  in     10  No  haemolysis       No  haemolysis 


1  in    20        Trace  haemolysis 


1  in     40         Half  haemolysed 


M  »« 


No  haemolysis 


>»  »» 


4 

1  in     80 

Marked 
h.Tmolysis 

5 

1  in  IGO 

Complete 
haemolysis 

6 

1  in  820 

> »           1 ) 

7 

1  in  640 

8 

1  in  1230 

t )            >> 

Trace  haemolysis ; 


Almost  complete 
haemolysis 


Aertryck  extract 

-f  0-5  c.c.  of  a 

1  in  50  dilution  of 

paratyphoid  B  serum 


No  haemolysis 


>>  >» 


>>  >> 


Complete 

haemolysis 


Trace  haemolysis  |  Trace  haemolysis 


Complete 
haemolysis 


Almost  complete 
haemolysis 

Complete 
haemolysis  • 
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Tablr  VI — {continued). 


Typhoid  extract 

Paratyplioid  A      i       Paratyphoid  B           Aftrtryck  extract 

O-.'i  c.c.  of 

+  dilution  of 

extract  -1-  0"5  c.c.     ;              extract                    +  O-.'i  c.c.  of  a 

extract 

1  in  100 

of  a  1  in  100                    +  1  in  100             1  in  KX)  dilution  of 

dilutions 

paratyplioid  B  serum 

paratyphoid  B  serum  paratyphoid  B  serum  paratyphoid  B  serum 

1 

1 

1  in 

10 

No  haemolysis 

No  haemolysis 

1 

No  haemolysis        No  haemolysis 

i 

2 

1  in 

20 

Almost  complete 
haemolysis 

Half  haemolysed          ,,           ,, 

«»              It 

3 

1  in 

40 

Complete 
haemolysis 

Almost  complete          ,,           ,, 
haemolysis 

»»             »♦ 

4 

1  in 

80 

) )           ) ) 

Complete                , ,           , , 
haemolysis 

>  1              ?i 

5 

1  in 

160 

> )           11 

11           11         1         »»           >> 

Trace  haemolysis 

6 

1  in 

320 

11           11 

,,           ,,          Trace  haemolysis 

Almost  complete 

haemolysis 

7 

1  in 

G40 

>'           11 

,,           ,,          Half  haemolysed          Complete 

haemolysis 

8 

1  in 

1280 

) »           11 

,,           ,,                 Complete                „ 
haemolysis 

Typhoid  extract 

Paratyphoid  A       |    Paratyphoid  B  er-        Aertry<*k  extract 

+  0-5  c.c.  of  a       \ 

extract  +  0-5  c.c.  of    tract  +  0*5  c.c.  of  a         +  0-.5  c.c.  of  a 

1  in  200  dilution  of 

a  1  in  200  dilution  of,  1  in  200  dilution  of       1  in  200  dilution  of 

paratyphoid  B  serum! 

paratyphoid  B  serum' 

paratyphoid  B  serum 

paratyphoid  B  serum 

1 

in     10 

2 

in     20 

3 

in     40 

4 

in     80 

6 

in  160 

6 

in  320 

7 

in  640 

8 

in  1280 

Marked 
haemolysis 
Complete 
haemolysis 


Almost  complete      No  haemolysis      Trace  haemolysis 
haemolysis 

Complete  ,.  ,,  Marked 

haemolysis       '  haemolysis 

,,  ,,         '         ,.  ,,  Complete 

haemolysis 


Trace  haemolysis 


Almost  complete 
haemolysis 


Complete 
haemolysis 


Extract  controls,  without  serum,  in  dilutions  of  1  in  5,  1  in  10,  and  1  in  20,  and  scrum 
controls  in  dilutions  of  1  in  5,  1  in  10  and  1  in  20  were  put  up.  All  six  control  tubes  showed 
complete  haemolysis. 

With  each  extract  four  identical  series  of  dilutions  were  made.  From  the  paratyphoid  B 
antiserum  four  dilutions  were  made — 1  in  10,  1  in  50,  1  in  100,  1  in  200.  All  four  extracts 
were  tested  in  a  series  of  dilutions  with  each  of  the  four  serum  dilutions.  0-5  c.c.  of  fresh 
guinea-pig  serum  1  in  10  was  added  to  each  tube.  After  one  hour's  incubation  each  tube 
received  0*5  c.c.  of  a  1  in  20  suspension  of  sheep  corpuscles  and  0-5  c.c.  of  a  1  in  500  dilution 
of  bacmolysin. 
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with  the  O'B.  serum,  but  not  with  the  paratyphoid  B  serum.  From  a 
consideration  of  Tables  VI,  VII,  and  VIII  it  appears  that  the  comple- 
ment-fixation method  allows  of  a  differentiation  between  Bacillus 
jmraUjphosiis  B  and  Bacilhis  Aertryck.  This  conclusion  is  in  agree- 
ment with  that  which  has  been  reached  by  Bainbridge  (1911)  who 
employed  the  absorption  method  of  Castellani. 

Table  VII. 

To  all  tubes  0*5  c.c.  of  a  1  in  300  dilution  of  paratyphoid  B  serum  obtained  from  a  rabbit 
immunized  with  paratyphoid  B  (strain  Schott.). 


fl  ■.")    c.  c. 

Hxtiact 

flilutiotis 

Paratyphoid  A 
extract 

Paratyphoid  B    Paratyphoid  B 

extract                 extract 
(stiaiii  Sohott.)  (strain  MacW.) 

Aertryck 

extract 

(strain    AE) 

Gaertner 
extract 

Typhoid 

extract 

(strain  Math.) 

1 

1  in     20 

Complete 
haemolysis 

No     hajmo- 
lysis 

No    haemo- 
lysis 

Complete 
haemolysis 

Complete 
haemolysis 

Complete 
haemolysis 

2 

1  in     40 

>  t            >> 

>>            )  > 

) )            > ) 

j>            )  > 

> )            ) ) 

)  >           >> 

3 

1  in     80 

• )           > ) 

Slight 
haemolysis 

Slight 
haemolysis 

)  J            )  > 

>  >            >> 

5  )                           )  1 

4 

1  in  ICO 

>  >           )  1 

Complete 
haemolysis 

Complete 
haemolysis 

It           II 

)  J            j> 

>  >                           1  > 

Extract  dilutions  of  1  in  5,  1  in  10,  and  1  in  20  were  put  up  as  extract  controls  for  each 
of  the  six  extracts  employed.  Serum  controls,  dilutions  1  in  100  and  1  in  300,  were  also  put 
up.     Complete  haemolysis  was  obtained  in  all  the  control  tubes. 

In  this  experiment  each  extract  was  put  up  in  four  dilutions.  To  every  tube,  except  the 
controls,  was  added  0-5  c.c.  of  a  1  in  300  dilution  of  paratyphoid  B  serum.  To  every  tube 
was  added  0'5  c.c.  of  a  1  in  10  dilution  of  fresh  guinea-pig  serum.  After  one  hour's  incuba- 
tion each  tube  received  0-5  c.c.  of  a  1  in  20  suspension  of  sheep's  corpuscles  and  0*5  c.c.  of  a 
1  in  1,000  dilution  of  haemolysin. 


Genetial  Discussion  of  Kesults. 

The  Tables  I  to  VIII  shows  very  clearly  that  the  complement-fixation 
method  affords  an  extremely  delicate  and  specific  means  of  separating 
and  identifying  closely  allied  races  of  bacteria.  Absolute  differentiation 
can,  however,  only  be  secured  by  the  careful  determination  of  the  dosage 
of  antigen  and  antibody.  The  dilution  of  antiserum  necessary  for  a 
differentiation  experiment  can  be  ascertained  by  the  titration  of  the 
antiserum  with  the  homologous  extract.  As  a  rule  satisfactory 
differentiation  can  be  obtained  with  the  greatest  dilution  of  antiserum 


Pathological  Section 
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Table  VIII. 


0-5  C.f. 

Extract  of 

Extiai-t  of 

Extract  of 

Extract  of 

Extract  of 

Extra- 1  (,t 

extract 

strain 

strain 

strain 

strain 

strain 

slniin 

clilutioiis 

"  Ditsscklorf  " 

B.A. 

Heyd.  Ali. 

M.A. 

«40 

P.K.'J 

1  iQ    5 

+  0-5  c.c.  ol 

[  dilution  1  in 

50  of  serum  (strain  O'B.) 

1 

No 

Trace 

Trace 

1 
Almost                No 

Complete 

haemolysis 

htemolysis 

haemolysis 

complete        haemolysis 
haemolysis 

haemolysis 

2 

1  in  10 

Trace 
ha3molysis 

) )         )  1 

"         'J 

Complete          ,,         ,, 
haemolysis 

>  >         1  > 

3 

1  in  20 

Half 

Half 

Almost 

,,         ,,              Trace 

hsemolysed 

haemolysis 

complete 
haemolysis 

haemolysis 

4 

1  in  40 

Almost 

Almost 

!  )                       1  ) 

,,         ,,            Almost 

complete 

complete 

complete 

1  in    5 

haemolysis 

haemolysis 

haemolysis 

4 

-  05  c.c.  of  a 

1  in  200  dilution  of  paratyphoid  B  serum 

1 

Complete 

Complete 

Complete 

No 

Complete 

Trace 

2 

1  in  10 

ha3molysis 

haemolysis 

haemolysis 

haemolysis 

haemolysis 

hajmolysis 

>)         >> 

>>         jj 

I  >         )  > 

> )         >> 

>>         >  > 

)>         j> 

3 

1  in  20 

) )         ) ) 

> )         >» 

i>         'J 

Half 
haemolysed 

i>         )» 

Almost 

complete 

haemolysis 

4 

1  in  40 
1  in    5 

)>         f  J 

>>         >  > 

'>         J  > 

Complete 
haemolysis 

)>                   5> 

Complete 
haemolysis 

+  0-5  c.c.  E 

lormal  saline 

solution  (extract  control) 

1 

Complete 

Complete 

Complete 

Half 

Complete 

Complete 

haemolysis 

haemolysis 

haemolysis 

haemolysed 

ha?molysis 

haemolysis 

2 

1  in  10 

>>         >) 

J  >         )> 

>  >         > » 

Complete 
haemolysis 

> »         )  > 

>»         >' 

3 

1  in  20 

j>         ) ) 

"         > ' 

>  •         i> 

) )         »> 

) »         ) » 

) '         > » 

4 

1  in  40 

"         >> 

11         >> 

) »         )  > 

1 

;  I                  11 

)  >         " 

» '         »' 

In  this  experiment  six  extracts  made  from  six  separate  strains  were  used.  Each  extract 
was  put  up  in  four  dilutions.  Each  extract  was  tested  with  each  of  the  two  sera.  Straius 
M.A.  and  P.R.9  reacted  with  the  paratyphoid  serum,  but  not  with  the  serum  prepared  with 
strain  O'B.  The  other  four  strains  reacted  with  the  O'B.  serum.  Serum  control  tubes 
containing  single  and  double  doses  of  serum  without  extract  showed  complete  haemolysis. 
To  every  tube  was  added  0*5  c.c.  of  a  1  in  10  dilution  of  fresh  guinea-pig  serum,  and  after  one 
hour  in  the  incubator  0-5  c.c.  of  a  1  in  20  suspension  of  sheep  corpuscles  and  O'O  c.c.  of  a 
1  in  500  dilution  of  haemolysiu. 
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which    is    found  to   give    a   thoroughly    satisfactory  reaction  with  the 
homologous  extract. 

With  low  dilutions  of  antiserum  a  marked  group  reaction  is  obtained. 
An  examination  of  Table  VI  will  show  that  the  intensity  of  the  group 
reaction  corresponds  with  the  closeness  of  the  relationship  between  the 
strains  employed.  In  this  experiment  the  paratyphoid  A  and  the 
typhoid  extracts  were  easily  differentiated  from  the  paratyphoid  B 
extract.  It  was  only  when  the  serum  was  still  further  diluted  that 
Bacillus  Aertryck  could  be  differentiated  from  Bacillus  paratyphosus  B. 


Table  IX. 


O-occ.  of  Untreated 

extract      '  antiparatyphoid 

dilutions  ^^^^'''^I^ 

1  in  20 


I     Typhoid 
extract 
1  I  1  in      10 


2  1  in 

3  1  in 

4  il  in 


•20 
40 
80 


No 
haemolysis 


Antiparatyphoid 

B  .serum  1  in  20 

absorbed  with 

typhoid  emulsion 


Antiparatyphoid     Antiparatyphoid 

B  serum  1  in  20   |    B  serum  1  in  20 

absorbed  with  an    absorbed  with  an 


emulsion  of 
paratyphoid  A 


Complete 
haemolysis 


5  1  in    160 

6  i  1  in    320  Trace 
haemolysis 

7  '  1  in    640     Almost  com- 

plete haemolysis 

8  1  m  1280        Complete 

haemolysis     [ 


Paratyphoid 
A  extract 

1  ,  1  in      10 


No 


Almost  com- 


Almost  com 

plete  haemolysis 

Complete 

haemolysis 


emulsion  of 
paratyphoid  B 


i»  )> 


>>  «> 


>'  >» 


Almost  com 

plete  haemolysis^ 

Complete 

haemolysis 


Normal  saline 


Almost  com- 


2 

1  in 

20 

3 

1  in 

40 

4 

1  in 

80 

5 

1  in 

160 

6 

1  in 

320 

Marked 

hii;molysis     plete  haemolysis      haemolysis     plete  haemolysis 
Complete         Almost  com 
haemolysis     plete  haemolysis 
Complete 
haemolysis 


Complete 
haemolysis 


Complete 
haemolysis 


Trace 
ha'molysis 


7  1  in    G40        Complete 
htemolysis 

8  1  in  1280 


Complete 
haemolysis 
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Table  IX — (contimved). 


0-5  c.c.  of 
extract 
dilutions 

Untrcat(!<l 

aiitiparatyi)huid 

(B)  serum 

1  in  20 

Antiparatyphoid 
B  scrum  1  in  20 
absorbed  with 

typhoid  emulsion 

Antiparatyplioid 
B  serum  1  in  20 

absorbed  witli  an 

emulsion  of 

paratyphoid  A 

Ant!paratyi)hoid 
B  serum  1  in  20 

absorbofl  with  an 

emulsion  of 

paratyphoid  B 

Normal  .viline 

1 

Paratyphoid 

B  extract 

1  in      10 

No 

No 

No 

Almost  com- 

Complete 

haemolysis 

haemolysis 

haemolysis 

plete  haemolysis 

haemolysis 

2 

1  in      20 

5)            >> 

J '         ' ' 

>  >         I  > 

'>         >> 

3 

1  in      40 

)>         )> 

>>         1) 

)>         >> 

>>         >  > 

4 
5 

1  in      80 
1  in    160 

>  >         »> 

>  >         ) ' 

Complete 
haemolysis 

>>         >> 

"         " 

6 

1  in    320 

Marked 

Trace 

Half 

7 
8 

1  in    640 
1  in  1280 

haemolysis 

Complete 

haemolysis 

M                  )> 

haemolysis 

Half 

haemolysed 

Complete 

haemolysis 

haemolysed 

Complete 

haemolysis 

>>         >i 

Serum  controls 
(without  extract) 

0-5  c.c. 

0-5  c.c. 

0-5  c.c. 

0-5  c.c. 

Single  dose   . . . 

Complete 

haemolysis 

1  c.c. 

Complete 

haemolysis 

1  c.c. 

Complete 

haemolysis 

1  c.c. 

Complete 

haemolysis 

1  c.c. 

Double  dose... 

Complete 
haemolysis 

Complete 
haemolysis 

Almost  com- 
plete haemolysis 

Complete 
haemolysis 

Notes  on  Table  IX. — To  each  tube  in  column  1  was  added  ^  c.c.  of  a  1  in  20  dilution  of 
an  antiparatyphoid  B  serum.  The  absorbed  serum  used  in  the  next  column  was  prepared 
as  follows  :  Two  Roux  bottles  were  inoculated  with  Bacillus  typhosus  and  incubated  twenty- 
four  hours.  The  growth  was  emulsified  in  saline  and  washed  and  centrifugalized  three  times. 
To  the  washed  deposit  were  added  10  c.c.  of  saline  (previously  cooled  to  4°  C),  and  then 
10  c.c.  of  a  1  in  10  dilution  of  the  serum  (previously  cooled  to  4°  C).  The  mixture 
was  thoroughly  shaken  and  left  for  half  an  hour  in  the  cold  room.  It  was  then  centri- 
fugalized until  clear  and  pipetted  off.  The  serums  used  in  column  3  and  column  4  were 
prepared  in  the  same  fashion  with  emulsions  of  paratyphoid  A  and  paratyphoid  B  bacilli. 

In  the  actual  experiment  each  tube  contained  |  c.c.  of  extract  dilution,  ^  c.c.  of  serum 
dilution  and  ^  c.c.  of  a  1  in  10  dilution  of  fresh  guinea-pig  scrum.  After  incubation  for  one 
hour  there  were  added  i  c.c.  of  haemolytic  serum  diluted  1  in  500  and  ^  c.c.  of  a  1  in  20 
suspension  of  sheep  corpuscles. 


The  degree  of  relationship  between  the  various  strains  was  also 
evidenced  by  the  time  in  which  haemolysis  occurred  in  the  tubes 
containing  serum  and  heterologous  extract.  For  example,  in  the 
experiment   illustrated   in  Table  VII  haemolysis  occurred   first    in   the 
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rows  of  tubes  containing  the  Gaertner  and  the  typhoid  extract.  The 
row  containing  paratyphoid  A  extract  was  next  hsemolysed,  and  it  was 
only  after  a  considerable  interval  that  haemolysis  occurred  in  the  row 
of  tubes  containing  the  Aertryck  extract.  In  the  experiment  figured 
in  Table  VI  a  similar  phenomenon  was  observed  ;  in  the  tubes  contain- 
ing the  serum  dilution  1  in  200  the  order  of  onset  of  haemolysis  was 
(I)  typhoid  extract,  (2)  paratyphoid  A  extract,  (3)  Aertryck  extract, 
at  a  considerably  longer  interval.  The  same  phenomenon  was  observed 
in  the  experiments  figured  in  Tables  II  and  IV. 

When  an  animal  is  immunized  with  a  particular  strain  of  organism 
it  may  be  presumed  that  a  large  number  of  chemical  substances  capable 
of  acting  as  antigens  are  introduced.  The  majority  of  these  are  specific 
and  peculiar  to  the  organism  in  question  ;  others,  it  may  be  assumed, 
are  common  to  the  organism  and  to  other  members  of  the  group.  The 
group  reaction  may  be  attributed  to  the  presence  in  the  antiserum  of  a 
number  of  antibodies  produced  by  the  injection  of  these  group  antigens. 


Complement  Fixation  aftee  Peeliminary  Absoeption  of  the 

Geoup  Antibodies. 

In  Tables  IX  and  X  there  are  illustrated  two  experiments  in  which 
the  group  antigens  were  removed  by  saturating  an  antiserum  with  a 
thick  emulsion  of  a  bacillus  closely  allied  to  the  homologous  strain.  It 
will  be  seen  from  Table  IX  that,  when  a  paratyphoid  B  serum  is 
absorbed  with  an  emulsion  of  paratyphoid  A  bacilli,  the  serum  loses 
its  capacity  for  binding  complement  in  the  presence  of  either  a  para- 
typhoid A  extract  or  a  typhoid  extract.  That  is  to  say,  the  group 
antibodies  are  removed.  In  the  same  way,  absorption  with  an  emulsion 
of  typhoid  bacilli  removes  the  group  reaction  both  for  typhoid  and  for 
paratyphoid  A.  After  absorption  with  a  paratyphoid  B  emulsion  the 
group  antibodies  are  found  to  be  removed,  together  with  the  antibodies 
specific  for  paratyphoid  B.  Table  X  illustrates  a  similar  experiment 
with  an  antityphoid  serum. ^ 

'  It  is  iinportaut  that  the  bacilli  used  for  absorbing  the  "group"  antibody  should  be 
thoroughly  washed  and  that  the  absorption  process  should  be  carried  out  at  a  low  tempera- 
ture. Unless  these  precautions  are  taken  it  will  be  found  that  the  scrum  possesses  the 
property  of  "spontaneously"  fixing  complement.  This  phenomenon  is  presumably  due  to 
the  fact  that  antigen  is  dissolved  out  of  the  bodies  of  the  bacilli  and  unites  with  the  anti- 
bodies of  the  serum.  The  antigen  antibody  complex  thus  formed  renders  the  serum  quite 
unfitted  for  bubsequent  use. 


Patholocjical  Section 
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Table    X. 


T-  ir.")  c.c.  of  1   in  '> 

+  o-o  c.c.  of  I  in  .0     dilution  of  typhoid 

dilution  of  typhoid      serum      prcvionsly 

scrum  untreated        absorbed  witli  para- 

I  typhoi<l  B 


Dilutions  of  typhoid 

extract  M 

1  in  5 


1  in 

1  in 
1  in 
1  in 


10 

20 
40 

80 


1  in  160 

1  in  320 

1  in  640 

1  in  1280 


No   haemolysis      No   h?Rmolysis 


,,  ,,        I  Trace  haemolysis 

Trace  haemolysis 'Almost  complete 

I     haemolysis 
Almost  complete  j  Complete  haemo- 

haemolysis  l     lysis 

Complete  haemo- '        ,,  ,, 

Ivsis  I 


+  ')•')  c.c.  of  1   in  0 

dilution  of  typhoid  r  "''  f-f-  '^>f  1  "'  ' 
scrum  previously  dilution  of  normal 
absorbed  with  '  nenim 

typhoid  I 


Almost  complete    Complete  haemo- 
hacmolysis  lysis 

Complete  haemo- 
lysis 


Paratyphoid  A 

extract 

1  in  5 


1  in 

1  in 
1  in 
1  in 


10 

20 

40 
80 


1  in       160 


1  in 
1  in 


320 
640 


No   haemolysis     Almost  complete 
haemolysis 
,,  ,,  Complete  haemo- 

lysis 
>>  >>        I 

Trace  haemolysis 

Almost  complete 
haemolysis 

Complete  haemo- 
lysis 


Almost  complete   Complete  haemo- 
haemolysis  lysis 

Complete  haemo- 
lysis 


1  in    1280 


Paratyplioid  B 

fix tract 
1  in  5 


1  in 

1  in 
1  in 
1  in 


10 

20 
40 
80 


1  in      160 


1  in 
1  in 


320 
640 


No  haemolysis     Almost  complete 
haemolysis 
,,  ,,  Complete  haemo- 

lysis 

Trace  haemolysis         ,, 

Almost  complete  ,, 

haemolysis 
Complete  haemo-  ,, 

lysis 


Almost  complete  Complete  ha?mo- 

haemolysis  lysis 

Complete  haemo-  ,,             ,, 

lysis 


1  in    1280 

Seium  alone 
2  in  5 

1  in  5 


Complete  haemo-    Almost  complete 
lysis  ha'molj-sis 

,,  ,,  Complete  haemo- 

lysis 


Almost  complete  Complete  b»mo- 

hannolysis  lysis 

Complete  haemo-  ,,            ,• 

Ivsis 


To  each  tube  \yas  added  0*5  c.c.  of  a  1  in  10  dilution  of  fresh  guinea-pig  serum.  The 
experiment  ^vas  incubated  for  an  hour,  and  there  were  subsequently  added  0-5  c.c.  of  a  1  iu  20 
suspension  of  sheep  corpuscles  and  05  c.c.  of  a  1  in  400  dilution  of  haemolysin. 
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Table  XI.— Titration  of  Antityphoid  Serum  (Strain  T.)  with  Typhoid     Extract 

(Strain  Math.). 


or.  CO.  of 

OTj 

C.C.    OF   DILUTIONS  OF  TVPHOID 

SKRUM  (strain   T.  ) 

dilution  of 
tyi)lioid 
extract 
(strain 

P 

A 

B 

C 

D 

E 

+  0-5  C.C. 
normal  saline 

15ath.) 

4  in  T) 

2  ill 

1  in  40 

1  in  160 

i  in  320 

1 

4  in     5 

1 
No 

No 

Trace 

Half 

Half 

Half 

hfcmolysis 

haemolysis 

haemolysis 

haemolysed 

haemolysed 

haemolysed 

2 

2  in     5 

:  >               ) » 

) )         >> 

No 
haemolysis 

>>         j> 

Almost 

complete 

haemolysis 

Complete 
haemolysis 

3 

1  in     5 

»>               >> 

j> 

M                     >  ) 

Trace 
haemolysis 

Half 
haemolysed 

4 

1  in  10 

Trace 
hnomolysis 

»>         >» 

>  )                     >5 

No 
haemolysis 

Trace 
haemolysis 

5 

1  in  20 

Slight 
haemolysis 

Trace 
haemolysis 

>)                    »> 

>j         >) 

j>         j> 

6 

lin  40 

Almost 

Slight 

>'                     J  ' 

Trace 

Marked 

complete 

haemolysis 

haemolysis 

haemolysis 

haemolysis 

7 

lin  80 

Complete 

Half 

Trace 

>>         >) 

Almost 

haemolysis 

haemolysed 

haemolysis 

complete 
haemolysis 

8 

lin  160 

>>         It 

Complete 
haemolysis 

Slight 
haemolysis 

Half 
haemolysed 

j>         >> 

9 

1  in  320 

»>         )> 

>»         >) 

Almost 

complete 

haemolysis 

Almost 

complete 

haemolysis 

Complete 
haemolysis 

10 

linG40 
Normal 

>>         >> 

Complete 
haemolysis 

Complete 
haemolysis 

> )         >> 

>  >                   !  > 

SERUM    ( 

CONTROLS 

11 

Complete 

Complete 

Complete 

Complete 

Complete 

1  saline, 

hemolysis 

haemolysis 

haemolysis 

haemolysis 

haemolysis 

0-5  c.c. 

A,  B,  C,  D,  E  and  F  represent  six  parallel  rows  of  test-tubes.  The  tubes  bearing  the 
same  number  in  each  row  contained  identical  extract  dilutions  made  up  to  a  bulk  of  0'5  c.c. 
To  each  tube  of  row  A  was  then  added  0-5  c.c.  of  a  4  in  5  dilution  of  antiserum.  To  each 
tube  of  rnw  li  was  added  0-5  c.c.  of  a  2  in  5  dilution  of  antiserum,  and  so  on.  The  tubes  in 
row  F  contain  extract  only  and  acted  as  extract  controls.  The  tubes  numbered  11  in  the  rows 
A  to  F  were  serum  controls.  To  every  tube  was  added  0*5  c.c.  of  a  1  in  10  dilution  of  fresh 
guinea-pig  serum.  After  incubation  for  one  hour  every  tube  received  05  c.c.  of  a  1  in  20 
au.spension  of  washed  sheep  corpu.sclcs  and  05  c.c.  of  a  1  in  500  of  haemolytic  serum. 
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Table   XII. 


Serum 
dilutions 

Typhoii 

I    serum 

Paratyphoid  A  serum 

Paratyplioi« 

J  B  serum 

A 

B 

A 

B 

A 

B 

1     4  in     5 

Complete 
htemolysis 

Complete 
haemolysis 

Complete 
haemolysis 

Complete 
haemolysis 

Complete 
haemolysis 

Complete 
haemolysis 

2     2  in     5 

>>            ' ) 

) )            1 ) 

>>            >  > 

>  >                  u 

u             >» 

>  >            >  > 

3     1  in     5 

> )            )« 

» )            » ) 

>»            >  > 

5  >                         J> 

J »            >» 

>  >            »» 

4 

1  in  10 

>>            ) ) 

>  J           '> 

i>            > ) 

Marked 
haemolysis 

) )            >  1 

»»           »» 

5 

1  in  20 

J  >            >  > 

Slight  ' 
haemolysis 

) )            )> 

No  haemo- 
lysis 

>>            >) 

Trace 
haemolysis 

6 

1  in  40 

)>            >> 

No  haemo- 
lysis 

)  >            '  > 

>>           >> 

j>            11 

No  haemo- 
lysis 

For  each  serum  two  duplicate  rows  of  dilutions  were  prepared,  so  that  each  tube  contained 
the  diluted  serum  in  a  bulk  of  ^  c.c.  To  all  tubes  in  the  rows  marked  A  was  added  ^  c.c.  of 
normal  saline  solution.  To  all  tubes  in  rows  B  was  added  1  c.c.  of  normal  saline.  To  the 
tubes  in  rows  A  was  added  ^  c.c.  of  a  1  in  600  dilution  of  a  haemolytic  serum.  This  repre- 
sented three  minimal  lytic  doses  of  the  particular  haemolytic  serum.  All  the  tubes  then 
received  ^  c.c.  of  a  1  in  20  suspension  of  sheep  corpuscles  and  ^  c.c.  of  a  1  in  10  dilution  of 
fresh  guinea-pig  serum.  The  experiment  was  incubated  for  two  hours,  and  the  results  were 
recorded  as  above.  It  will  be  seen  by  an  examination  of  the  rows  marked  B  that  the  hemo- 
lytic titre  of  the  typhoid  and  of  the  paratyphoid  B  antiserum  was  1  in  10,  while  the  para- 
typhoid A  antiserum  had  a  haemolytic  titre  of  1  in  5. 

The  rows  marked  A  contained  the  indicated  doses  of  the  antiserum  together  with  three 
lytic  doses  of  a  hiemolytic  serum.  Although  all  the  tubes  in  all  three  of  the  A  rows  showed 
complete  haemolysis  at  the  end  of  two  hours,  there  was  a  marked  difference  in  the  rate  of 
haemolysis  between  the  tubes  in  each  series.  In  each  row  A  tube  6  was  the  first  to  hiemolyse 
and  tube  1  the  last.  The  slowing  of  haemolysis  in  the  tubes  containing  the  large  amounts  of 
antiserum  was  very  slight,  but  was  sufficient  to  allow  the  inference  that  the  presence  of  a 
large  amount  of  serum  is  unfavourable  rather  than  favourable  to  haemolysis. 
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Table  XI  illustrates  an  experiment  intended  to  demonstrate  the 
effect  of  the  presence  of  excess  of  antigen  and  antibody.  The  influence 
of  relative  excess  of  antiserum  is  well  shown  in  the  first  two  columns 
A  and  13.  The  effect  of  excess  of  antigen  begins  to  be  noticed  in  tube  1  of 
row  C  and  is  more  marked  in  the  first  three  tubes  of  rows  D  and  E.  The 
experiment  shows  very  clearly  that  if  the  optimal  effect  is  to  be  obtained 
antigen  and  antibody  must  be  present  in  certain  definite  proportions. 
The  influence  of  relative  excess  of  either  constituent  is  a  matter  of  some 
interest  from  a  theoretical  standpoint.  The  effect  of  antiserum  excess 
might  be  attributed  to  the  reinforcement  of  the  hsemolytic  system  by  the 
''  normal  "  hsemolysin  present  in  the  antiserum.  The  hsemolytic  tube  of 
the  antisera  used  in  these  experiments  is  given  in  Table  XII. 

It  seems,  however,  more  probable  that  this  inhibition  by  excess  is 
comparable  to  that  seen  in  other  serum  reactions. 

It  will  be  remembered  that  excess  of  antiserum  causes  a  very  similar 
inhibitory  effect  in  agglutination,  precipitation  and  haemolysis  experi- 
ments. The  phenomenon  is  quite  analogous  to  that  described  by  Neisser 
aDd  Wechsberg  (1901)  and  it  might  be  anticipated  that  both  results  might 
find  a  common  explanation.  Neisser  and  Wechsberg  suggested  that  the 
free  amboceptors  took  up  or  deviated  a  certain  portion  of  the  complement 
and  that  not  enough  remained  to  satisfy  those  amboceptors  which  had 
united  with  bacilli. 

This  explanation  has  not  been  universally  accepted  as  the  cause  of 
the  interference  with  bacteriolysis,  and  it  seems  almost  impossible  to 
apply  it  to  the  closely  parallel  interference  with  the  fixation  of  comple- 
ment. To  do  so  it  is  necessary  to  assume  that  the  free  amboceptors 
deviate  complement  from  the  bound  amboceptors  merely  to  give  it  up 
again,  later  on,  to  the  combined  hgemolytic  amboceptor. 

Further  experiments  are  being  carried  out  at  the  present  time 
on  the  quantitative  relations  of  antigen  and  antibody  and.  it  is  proposed 
to  return  to  the  question  jn  a  subsequent  communication. 

Summary  and  Conclusions. 

(1)  Tlie  complement-fixation  method  affords  an  extremely  deficate 
and  specific  means  of  differentiating  between  various  members  of  the 
typhoid  and  paratyphoid  group. 

(2)  Very  closely  allied  organisms  can  only  be  differentiated  after 
experiments  sufficiently  extensive  to  secure  a  knowledge  of  the  dilutions 
most  suitable  to  the  seruni  and  extracts  in  use. 
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(3)  By  the  use  of  the  compleiiient-fixation  method  Bacillus  typhosus, 
Bacillus  paratijphosus  A,  and  Bacillus  paratyphosus  B  can  be  easily 
difierentiated  from  one  another. 

(4)  By  the  use  of  a  suitable  dilution  of  serum  it  is  possible  to 
•difterentiate  Bacillus  paratyphosus  B  from  Bacillus  Aertryck. 

This  series  of  experiments  entirely  confirms  the  classification  of 
Bainbridge. 

(5)  The  group  reaction  and  the  degree  of  relationship  between 
members  of  the  group  can  be  demonstrated  by  the  use  of  various  dilutions 
of  an  antiserum  in  the  presence  of  extracts  made  from  homologous  and 
heterologous  strains. 

(6)  Under  certain  circumstances  the  degree  of  relationship  can  be 
seen  during  the  course  of  an  experiment  by  observing  the  time  of  onset 
of  haemolysis  in  the  tubes  containing  the  various  extracts. 

(7)  The  group  antibodies  can  be  removed  from  the  serum  by  a 
suitably  arranged  absorption  experiment. 

(8)  Excess  either  of  antiserum  or  of  bacterial  extract  has  an 
unfavourable  influence  on  the  fixation  of  complement. 

(9)  The  maximal  fixation  of  complement  is  obtained  when  antigen 
and  antibody  are  present  in  certain  definite  proportions. 
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LXV. — Synthesis  of  d\-S  :  4:-DihydToxyphenylalanine. 

By  Casimir  Funk. 

The  question  of  the  formation  of  adrenaline  in  the  animal  body  has 
engaged  much  attention.  The  two  amino-acids  that  suggest  them- 
selves as  the  parent  substances  of  adrenaline  are  obviously  tyrosine 
and  phenylalanine,  but  certain  considerations  render  it  probable 
that  the  body  is  incapable  of  employing  these  substances  for  the 
formation  of  adrenaline.  Thus,  in  cases  of  abnormal  metabolismv 
tyrosine  is  eliminated  as  homogentisic  acid  (Wolkow  and  Baumann, 
Zeitsch.  physiol.  Ghem.,  1891,  15,  228;  Falta  and  Langstein,  ihid,^ 
1903,  37,  513;  Abderhalden,  Bloch,  and  Rona,  ihid.,  1907,  52,  435), 
whilst  no  catechol  derivatives  have  been  obtained  from  any  of  the 
aromatic  amino-acids. 

In  the  experiments  which  have  been  conducted  on  this  point, 
investigators  have  sought  to  bring  about  a  transformation  of 
tyrosine  (Ewins  and  Laidlaw,  J.  Physiol.,  1910,  40,  275)  inta 
adrenaline  by  incubating  the  former  substance  with  suprarenal  gland 
tissue.  It  may  well  be,  however,  that  the  formation  of  adrenaline 
takes  place  in  several  steps,  and  that  different  tissues  of  the  body 
are  necessary. 

In  order  to  be  certain  that  adrenaline  is  really  formed,  it  is 
necessary  to  find  a  chemical  method  by  which  this  substance  can  be 
separated  from  amino-acids,  and  such  a  separation  is  at  present 
being  attempted. 

That  some  substance  of  the  nature  of  tyrosine  or  phenylalanine  is 
the  precursor  of  adrenaline  is  further  suggested  by  the  fact  that 
all  three  compounds  belong  to  the  same  optical  {I)  series. 

The  synthesis  of  3  : 4-dihydroxyphenylalanine  has  been  effected 
with  the  idea  that  it  may  be  the  parent  substance  of  adrenaline; 
experiments  are  also  being  conducted  in  order  to  ascertain  whether 
any  of  this  substance  is  contained  in  proteins.     That  this  may  b& 
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III.  Previous  plague  history  of  the  villages  infected  in  each  epidemic. 

IV.  Previous  plague  history  of  villages  infected  at  the  beginning  of  each  epidemic. 

A.  Kohtak  District. 

(a)     Epidemic  of  1903—04. 
(6)  ,,  „    1904—05. 

(c)  „  „    1905—06. 

{d)  „  „    1906—07. 

B.  Mozuffarnagar  District. 

(a)     Epidemic  of  1903—04. 

(6)  „  „  1904—05. 

(c)  „  „  1905-06. 

(d)  „  „  1906—07. 

C.  Amritsar  District. 

(a)     Epidemic  of  1902—03. 
(6)  „  ,,    1903-04. 

(c)  ,,  ,,    1904-05. 

(d)  „  „    1905—06. 
(«)           ,,  „    1906—07. 

D.  Summary. 

V.      Later  plague  history  of  the  villages   infected  in  the  course  of  the  milder 
epidemics. 

A.  Kohtak  District. 

(a)    Epidemic  of  1903—04. 
{b)  „  „    1905—06. 

B.  Mozuffarnagar  District. 

(a)     Epidemic  of  1902—03. 
(6)  „  „    1905—06. 

C.  Summary. 

VI.      Later  plague  history  of  villages  infected  at  the  end  of  each  epidemic. 

A.  Rohtak  District. 

(a)     End  of  epidemic  of  1903—04. 

(&)  „  „  1904—05. 

(c)  „  „  1905—06. 

B.  Mozuffarnagar  District, 

(a)     End  of  epidemic  of  1902—03. 

(&)             n                  „  1903—04. 

(c)  »                  „  1904—05. 

(d)  „                 „  1905—06. 

C.  Amritsar  District. 

D.  Summary. 

VII.     The  question  whether  plague  tends  to  recur  in  villages  in  successive  epidemics. 


1 
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I.    Introduction. 

A.     Scope  of  observations. 

It  is  well  established  that  plague,  once  it  has  gained  a  foothold  in 
a  place,  tends  to  recur  every  year  at  the  same  season  and  that  the 
plague  season  varies  in  different  places.  It  has  been  demonstrated  that 
in  Bombay  City  the  periods  between  the  epidemics  are  bridged  over  by 
cases  of  acute  plague  amongst  the  rats  accompanied  by  a  few  cases 
in  man.  Knowing,  then,  the  factors  which  determine  the  rise  and 
fall  of  the  epizootic  amongst  the  rats,  once  the  infection  is  present, 
we  have  a  fairly  complete  conception  of  the  seasonal  prevalence  of 
human  plague  in  a  city  such  as  Bombay.  In  the  case,  however,  of 
a  large  province,  such  as  the  Punjab,  with  scattered  villages,  the  question 
of  the  annual  recrudescence  in  the  several  villages  is  not  so  simply 
answered.  For,  it  will  be  remembered  that  in  the  two  Punjab  villages 
of  Dhand  and  Kasel,  which  were  under  close  observation  by  the 
Commission  for  a  whole  year,  no  acute  plague  was  found  amongst 
either  man  or  rats  in  the  long  interval  between  the  epidemics.  While 
this  is  so,  a  certain  number  of  rats  were  caught  alive,  which,  although 
apparently  in  good  health,  harboured  living  and  virulent  plague  bacilli 
in  chronic  abscesses  (see  above,  p.  335). 

It  is,  however,  to  be  noted,  that  after  a  careful  study  of  this  condition 
the  Commission  came  to  the  conclusion  that  there  was  no  direct  evidence 
that  "resolving"  plague,  as  it  occurs  in  the  Punjab  villages,  possessed 
any  significance  in  the  seasonal  recurrence  amongst  the  rats  of  the 
infection  in  an  acute  form,  nor  was  any  evidence  available  which 
excluded  this  possibility.  Since  the  observations  were  made  in  the 
Punjab  this  condition  has  been  further  carefully  studied  in  Bombay, 
Poena  and  Belgaum,  and,  as  we  shall  see  elsewhere,  the  conclusion  has 
been  come  to  that  the  lesions  denote  rather  a  gradual  and  slow  recovery 
from  an  acute  condition  than  a  definite  chronic  state.  From  these  facts 
it  is  evident  that  we  are  still  without  certain  knowledge  of  the  cause  of 
the  beginning  of  plague  in  successive  epidemics  in  the  villages  of  India. 
It  is  this  problem  to  which  we  now  give  attention. 

On  consideration  of  the  problem  two  solutions  seem  possible.  We 
shall  for  brevity  designate  these  two  hypotheses  (1)  recrudescence  and 
(2)  importation.  Recrudescence  implies  that  in  each  village  each 
successive  epidemic  has  its  origin  in  situ  from  remnants  left  over 
from  the  previous  epidemic  no  matter  how  far  distant,  or  in  other 
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words,  that  dregs  of  the  infection  remain  over  from  one  epidemic 
and  light  up  to  start  the  next  epidemic.  It  implies,  therefore,  that 
plague  bacilli  in  each  village  survive  the  interval  between  two 
epidemics.  From  the  work  which  we  have  already  done  it  is  certain 
that  to  fulfil  this  condition  the  bacillus  must  find  a  habitat  in  an 
animal  body. 

Importation,  on  the  other  hand,  implies  that  the  great  majority  of 
the  villages  became  infected  each  epidemic  by  the  bacilli  being  brought 
into  them  from  without.  As  the  bacillus  must  survive  the  non-epidemic 
season  in  some  way  or  other,  we  have  to  postulate  for  this  hypothesis 
that  the  infection  in  one  or  more  villages  or  towns  bridges  over  the  off- 
season as  scattered  cases  of  acute  rat  plague  and  perhaps  human  plague 
or  in  some  other  way.  From  the  centres  or  foci  where  this  bridging 
over  takes  place  the  infection  would  spread  out,  when  the  conditions 
become  suitable,  exactly  as  must  happen  when  a  district  becomes 
infected  for  the  first  time.  The  villages  in  which  the  infection  is 
carried  over  the  off-season  might  of  course  vary  in  different  years. 

The  problem  then  which  lies  before  us  is  to  detennine  the  relative 
importance  of  recrudescence  and  importation  in  the  spread  of  the  epidemic 
through  a  district  with  scattered  villages. 

We  have  now  to  state  the  methods  which  were  adopted  to  find  a 
solution  for  this  problem.  Three  districts  in  the  Punjab  and  in  the 
United  Provinces  were  selected,  for  the  reasons  that  they  had  suffered 
from  several  consecutive  epidemics  of  plague  and  that  in  the  offices  of 
the  civil  surgeons  records  of  the  deaths  reported  from  the  villages  of  the 
districts  were  available  for  analysis.  A  complete  list  of  the  villages  in 
the  district  was  prepared  by  the  clerks  in  the  civil  surgeons  office,  men 
who  knew  the  districts  and  who  had  kept  the  records.  Against  each 
village  was  shown  its  population  and  whether  it  had  at  any  time  been 
plague-infected  or  not.  If  it  had  at  any  time  reported  plague  deaths, 
the  following  information  for  each  epidemic  was  entered:  the  date  of 
the  first  death,  the  date  of  the  last  death,  and  the  total  number  of 
deaths.  If  the  interval  between  the  first  and  last  death  was  more  than 
three  or  four  months,  namely,  the  normal  duration  of  a  single  epidemic 
in  a  village,  the  number  of  deaths  month  by  month  was  recorded,  so 
that  any  period  of  freedom  from  deaths  might  not  escape  notice.  These 
data  obtained  from  the  district  records  have  been  analysed  chiefly 
in  the  following  directions. 

First,  maps  have  been  prepared  showing  the  infected  villages  month 
by  month  for  several  years  from  the  first  introduction  of  plague  into 
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the  district.  In  these  maps  we  arc  able  to  trace  the  spread  of  each 
epidemic  and  to  compare  the  later  epidemics  with  the  first  one,  which 
we  know  must  have  spread  by  importation.  The  rise  of  each  epidemic 
can  also  be  graphically  followed  and  can  be  correlated  with  the  decline 
of  the  previous  epidemic.     The  maps  of  Rohtak  district  are  reproduced. 

Secondly,  the  previous  plague  history  of  the  villages  infected  in  each 
epidemic  has  been  determined  with  the  object  of  obtaining  data 
regarding  the  relative  proportion  of  those  which  had  never  been  infected 
before,  of  those  which  had  been  infected  during  the  previous  epidemic 
and  of  those  which  had  escaped  for  either  one  or  more  epidemics. 

Thirdly,  in  those  villages  in  which  the  disease  appeared  first  in  each 
epidemic  the  previous  history  as  regards  plague  infection,  especially  in 
the  epidemic  just  passed,  has  been  traced. 

Fourthly,  in  some  districts  only  a  small  number  of  villages  were 
infected  in  one  or  more  of  the  epidemic  years.  We  have  traced  the 
fate  of  all  these  villages  in  the  following  year  in  which  the  epidemic 
was  widespread  and  involved  a  very  large  number  of  the  villages  of  the 
district. 

Fifthly,  we  have  followed  in  detail  the  future  history  as  regards 
plague  infection  of  villages  infected  at  the  end  of  each  epidemic,  so  as  to 
ascertain  in  what  proportion  of  them  deaths  were  reported  early  in  the 
next  epidemic. 

Finally,  we  have  investigated  the  question  whether  plague  tends  to 
recur  in  villages  in  successive  epidemics,  and  have  also  analysed  the 
relation  of  the  size  of  a  village  to  its  liability  to  become  infected. 

In  considering  the  results  obtained  in  this  way,  it  is  necessary  to 
bear  in  mind  the  limited  accuracy  of  the  records.  In  particular  they 
tell  us  nothing  of  rat  plague  which  is  not  accompanied  by  obvious 
human  plague.  The  fact  for  example  that  a  village  has  not  returned 
a  plague  death  is  not  an  absolute  proof  that  there  has  not  been  a  small 
rat  epidemic,  accompanied  perhaps  by  a  few  mild  human  cases.  It  is 
therefore  possible  that  the  first  year  of  infection  of  any  village  is 
recorded  as  being  later  than  it  really  was.  It  is,  however,  impossible  to 
estimate  the  weight  of  these  possibilities.  Considering  the  intimate 
domestic  relationship  of  rats  and  human  beings  in  the  Punjab  villages, 
it  seems  to  us  unlikely  that  rat  plague  could  often  exist  without  being 
indicated  by  human  plague ;  where  this  is  known  to  have  occurred,  the 
conditions  have  been  very  different.  In  any  case,  we  have  no  choice 
but  to  deal  with  the  data  as  they  stand:  we  have  little  doubt  that  they 
give  a  substantially  accurate  picture  of  the  incidence  of  plague  infection 
in  the  villages  concerned. 

23—3 
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B.     Districts  in  which  observations  were  made. 

(1)  Rohtak.  Rohtak  is  a  small  district  in  the  south  of  the  Punjab. 
It  is  about  64  miles  long  by  43  miles  broad  and  has  an  area  of  about 
2800  square  miles.  There  are  no  natural  boundaries  such  as  rivers,  etc., 
so  that  there  is  free  intercourse  on  all  sides.  The  total  population  is 
about  620,822  which  gives  a  density  of  0'3  per  acre. 

There  are  499  municipal  towns  and  villages,  none  of  which,  however, 
are  very  large.  There  are  only  three  municipal  towns,  namely,  Rohtak 
(pop.  20,024)  and  Beri  (pop.  9723)  in  the  Rohtak  subdivision,  and 
Jhaggar  (pop.  12,227)  in  the  subdivision  of  the  same  name.  The 
position  of  these  towns  is  shown  on  the  maps.  All  other  settlements  are 
villages  with  a  population  of  less  than  8000.  The  average  population 
per  village  is  1244. 

The  district  is  divided  for  administrative  purposes  into  four  sub- 
divisions or  tehsils  ;  Gohana  in  the  north,  Jhaggar  in  the  south,  and 
two  in  the  centre,  namely  Rohtak  to  the  west  and  Sampla  to  the  east. 
A  few  details  concerning  the  distribution  of  the  population  in  the 
different  tehsils  are  given  in  Table  I.  The  point  in  this  table  to  which 
we  would  especially  draw  attention  is  the  relatively  small  average 
population  of  the  villages  in  the  Jhaggar  tehsil.  While  the  total 
population  of  this  tehsil  is  the  smallest  of  all,  it  is  divided  up  amongst 
the  greatest  number  of  villages,  so  that  the  average  population  per 
village  is  from  J  to  J  that  of  the  other  tehsils. 

Plague  was  introduced  into  the  Rohtak  district  in  the  winter  of 
1903 — 04,  the  first  deaths  being  reported  in  the  Rohtak  tehsil  in 
November  1903.  Up  to  July  1907  there  were  four  epidemics,  two 
slight  ones  alternating  with  two  severe  ones  (vide  Table  II).  Of  the 
499  villages  in  the  district  145  were  not  infected  in  any  of  the  epidemics, 
leaving  354  which  returned  deaths  in  one  or  more  of  the  epidemics. 

The  seasonal  prevalence  of  the  epidemics  was  well  marked  (Table 
III).  The  deaths  began  to  increase  each  year  in  the  autumn  (September 
—October)  or  early  winter  (November— January).  The  increase  con- 
tmued  until  a  maximum  was  reached  in  April  or  May,  after  which  there 
was  a  sudden  fall  in  June.  During  July  and  August  only  a  few  villages 
returned  deaths  or  sometimes  none  at  all. 

(2)  Mozuffarnagar  is  a  district  in  the  north  of  the  United 
Provinces,  not  far  from  the  southern  boundary  of  the  Punjab.  It  is 
bounded  on  the  west  by  the  river  Jumna,  while  all  along  the  east  side  runs 
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the  sacred  Ganges.  On  the  north  and  south  there  are  no  natural 
boundaries.  The  total  population  of  the  district  is  about  9l7,89fj. 
There  are  973  inhabited  municipal  towns  and  villages,  so  that  the 
average  population  per  village  is  944.  There  are  only  three  towns  with 
a  population  of  more  than  10,000,  namely  Mozuffamagar  (23,444), 
Kairana  (19,304),  and  Kandla  (11,563).  All  the  other  villages  have 
less  than  9000  inhabitants  each. 

The  division  of  the  district  into  tharias  has  been  adopted  for  our 
present  purpose.     There  are  18  of  these  subdivisions  in  the  district. 

Plague  was  first  introduced  into  the  Mozuffarnagar  district  in 
January  1902.  Up  to  the  summer  of  that  year  only  four  deaths  were 
returned,  so  that  it  is  improbable  that  there  was  any  indigenous 
infection  in  that  season. 

In  November  1902  the  epidemic  began  in  earnest  and  from  then  up 
to  1907  there  have  been  five  epidemics,  the  data  referring  to  which  are 
given  on  Table  IV. 

Of  the  973  villages  in  the  district,  334  have  been  at  no  time  infected 
leaving  639  which  have  reported  deaths  in  one  or  more  of  the  epidemics. 
The  seasonal  prevalence  of  the  epidemics  has  been  well  marked.  The 
deaths  began  to  increase  each  year  in  the  autumn  (September — 
October)  or  early  winter  (November — January).  The  maximum  was 
reached  in  April,  after  which  there  was  a  fall  until  by  the  end  of  June 
the  epidemics  had  practically  ceased  (Table  V). 

(3)  Amritsar.  Amritsar  is  a  moderate  sized  district  in  the 
centre  of  the  Punjab  lying  a  short  distance  from  the  foot  of  the 
Himalayas.  It  has  an  area  of  1601  square  miles,  the  total  population 
being  1,039,620  which  gives  a  density  of  about  1  per  acre. 

Along  the  south-east  limits  of  the  district  runs  the  Beas  river,  while 
on  the  north-west  the  Ravi  separates  it  from  the  Sialkot  district. 
There  are  no  natural  boundaries  along  the  other  two  sides  of  the 
district,  which  is  roughl}^  square  in  shape.  The  main  line  of  railway 
runs  practically  from  east  to  west  and  the  district  is  further  intersected 
by  many  canals,  the  general  direction  of  which  is  from  north-east  to 
south-west.  There  are  four  municipal  towns  and  1058  inhabited 
villages.  Of  the  former  Amritsar,  the  chief  town  of  the  district,  is  by 
far  the  largest,  its  population  being  162,429.  The  three  other  muni- 
cipal towns  Tarn-Tarn,  Majitha  and  Jandiala  have  a  population 
between  4428  and  7877.  Only  very  few  of  the  villages  have  more  than 
4000  inhabitants.  The  average  population  per  village,  including  the 
municipal  towns,  is  978.     The  district  is  divided  into  three  tehsils, 
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namely  Ajriala  in  the  north,  Amritsar  in  the  centre,  and  Tarn-Tarn  in 
the  south. 

Plague  deaths  were  first  reported  from  the  Amritsar  district  in 
February  1902.  This  epidemic,  beginning  late  in  the  plague  season, 
had  only  atfected  62  villages  when  the  hot  weather  limited  its  further 
spread.  Succeeding  this  mild  outbreak  there  have  been  five  more  or 
less  severe  epidemics  (Table  VI),  the  mildest  being  that  of  1905 — 06 
in  the  course  of  which  about  a  quarter  of  the  villages  in  the  district 
became  infected.  The  other  four  epidemics  have  all  been  severe,  in 
each  instance  about  half  or  more  of  the  villages  returning  plague  deaths. 
There  were,  therefore,  three  consecutive  seasons,  1902 — 08,  1903 — 04, 
and  1904 — 05,  during  which  the  district  was  badly  infected,  a  condition 
of  affairs  somewhat  different  to  that  which  has  been  described  as  occur- 
ring in  the  Rohtak  district,  in  which  two  mild  epidemics  alternated 
with  two  severe  ones. 

Of  the  1062  towns  and  villages  in  the  district  907  have  in  the 
course  of  one  or  more  of  the  six  epidemics  returned  plague  deaths, 
leaving  155  which  have  not  at  any  time  been  infected. 

As  was  observed  in  the  other  two  districts  the  seasonal  prevalence 
had  been  well  marked  (Table  VII).  Each  epidemic,  beginning  in  the 
autumn  or  early  winter,  has  gradually  gained  strength  until  the  height 
was  reached  in  April  or  May.  After  May  the  decline  has  been  rapid, 
so  that  by  the  end  of  July  very  few  villages  remained  infected ;  that  is 
to  say,  returned  plague  deaths.  Finally,  it  is  important  to  note  that 
since  the  disease  was  first  introduced  into  the  district  in  February  1902 
until  the  end  of  July  1907,  there  have  only  been  two  months,  namely, 
September  and  October  1903,  during  which  one  or  more  villages  did 
not  report  plague  deaths.  In  fact,  this  large  area  has  at  no  time  even 
in  the  off-season  been  free  from  human  plague  and  as  a  corollary  acute 
rat  plague  must  always  have  been  present  in  the  district. 


Analysis  of  the  data  obtained. 
II.    Method  of  spread  of  the  epidemics  in  each  district  as 

JUDGED   from  the   MAPS. 

The  maps,  as  we  have  stated,  were  prepared  from  the  records  of 
plague  deaths  which  were  available  in  the  district  plague  offices.  It  is 
to  be  noted  that  the  criterion  of  infection  is  the  occurrence  of  a  death 
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or  deaths  from  plague  so  that  when  a  village  is  spoken  of  as  being 
infected  it  means  that  one  or  more  deaths  from  plague  have  been 
reported  among  the  population. 


A.     Rohtak  District. 
Maps  I— XL VIII  \ 

{a)  Epidemic  of  1903 — 04.  Deaths  began  to  be  returned  in 
November  1903  from  two  separate  villages  in  the  extreme  west  of 
Rohtak  tehsil  and  from  Beri  town  situated  to  the  south  of  the  district. 

In  January  1904  the  pattern  suggests  a  slight  spread  out  from 
Beri  and  there  appears  a  fresh  infection  in  the  extreme  south  of  the 
Jhaggar  tehsil.  The  maps  of  the  following  months  show  a  well  marked 
spreading  out  from  the  Beri  centre  and  also  an  increase  of  infected 
villages  round  about  those  which  first  returned  deaths  in  the  west  and 
south  of  the  district.  The  town  of  Rohtak,  the  largest  in  the  district, 
did  not  become  infected  till  late  in  the  epidemic,  namely  in  April,  and  there 
was  hardly  any  spread  to  the  northern  portion  of  the  district,  the  Gohana 
tehsil  remaining  practically  free.  In  June  the  epidemic  subsided  and 
in  July  only  one  village,  to  the  west  of  Beri,  still  reported  deaths. 

It  is  important  to  keep  in  mind  the  pattern  of  these  maps.  The 
villages  were  all  infected  for  the  first  time,  so  that  the  origin  of  the 
infection  in  each  case  was  presumably  due  to  importation.  The  pattern 
as  we  have  seen  suggests  a  spreading  out  as  the  epidemic  progresses 
from  two  if  not  from  three  foci,  into  which  the  disease  was  introduced 
at  the  beginning  of  the  epidemic. 

(6)  Epidemic  of  1904 — 05.  This  epidemic  began  in  August  1904, 
that  is  to  say,  there  was  no  month  between  it  and  the  end  of  the 
previous  epidemic  in  which  plague  deaths  were  not  reported  from  the 
district.  In  August  two  villages  returned  deaths,  one  in  the  Rohtak 
tehsil  quite  close  to  Beri  and  the  other  in  the  south  of  Jhaggar.  It 
will  be  remembered  that  in  1903 — 04  both  these  localities  had  been 
infected.  Further,  one  of  the  villages,  namely,  that  in  Rohtak,  had 
itself  been  infected  as  late  as  May :  the  other  village  had  not  previously 
reported  deaths. 

In  September  there  appears  to  be  a  slight  spread  out  from  the  Beri 
centre  and  a  new  centre  crops  up  in  the  Gohana  tehsil.     This  latter 

1  In  the  months  for  which  no  maps  are  given  there  was  no  plague  in  the  district.  The 
circles  represent  epidemics  with  less  than  live  plague  deaths. 
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village,  although  not  itself  previously  infected,  is  situated  next  to  the 
only  village  in  this  tehsil  which  was  infected  in  the  previous  epidemic, 
and  in  which  deaths  took  place  as  late  as  June.  It  is  also  worthy  of 
note  that  the  three  villages  in  the  neighbourhood  of  the  Beri  centre 
had  all  been  infected  late  in  the  last  epidemic,  two  as  late  as  June  and 
the  third  one  up  to  May. 

The  October  map  shows  a  slight  increase  of  the  number  of  infected 
villages  in  the  neighbourhood  of  Beri.  Rohtak  town  is  now  also 
infected. 

In  November  and  December  more  infected  villages  appear  around 
Beri  and  also  in  the  neighbourhood  of  the  centres  established  in  August 
in  the  south  of  Jhaggar  tehsil  and  in  September  in  the  north  in 
Gohana. 

It  is  evident,  therefore,  that  by  the  end  of  December  the  infection 
had  become  fairly  widespread.  The  subsequent  maps  show  a  gradual 
thickening  of  infected  villages  all  over  the  district,  in  the  January  map 
the  spread  being  traceable  from  the  centres  already  established,  especially 
around  Rohtak  town.  In  June  the  epidemic  markedly  subsided,  the 
villages  then  infected  being  chiefly  situated  in  the  north-eastern  portion 
of  the  district.     In  July  only  a  single  village  returned  deaths. 

(c)  Epidemic  of  1905 — 06.  During  August  and  September  1905 
the  district  was  apparently  free  from  plague  as  no  villages  returned  any 
deaths. 

In  October  two  villages  showed  infection,  one  in  the  north  of 
Gohana  tehsil  and  the  other  in  the  south-east  of  Sampla.  The  former 
had  returned  deaths  as  late  as  June  1905  and  the  latter  a  few  deaths  in 
May  1 905.     Further,  in  June  both  were  surrounded  by  infected  villages. 

In  November  and  December  there  is  little  change,  only  one  infected 
village  in  the  north  of  Gohana  being  added  in  December.  This  village 
was  also  infected  the  previous  epidemic  as  late  as  June.  From  now 
onwards  the  main  feature  of  the  maps  is  the  gradual  increase  of 
infected  villages  in  the  north  of  Gohana,  round  about  the  villages 
which  first  returned  deaths.  A  very  few  scattered  villages,  chiefly  in 
Rohtak  tehsil,  become  infected,  but  there  is  no  appearance  of  a  spread 
out  from  any  centre  except  from  the  one  in  the  north  of  Gohana.  Here 
the  infection  lingered  up  to  June,  in  which  month  four  villages  in  this 
tehsil  were  still  returning  deaths. 

In  July  no  deaths  were  reported  from  anywhere  in  the  district. 

It  is  to  be  remembered  that  the  epidemic  of  1905 — 06  was  a  slight 
one,  only  30  villages  being  reported  infected. 
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{d)  Ejndemic  of  1906 — 07.  In  August  1906  a  single  village  began 
to  return  plague  deaths.  It  was  situated  in  the  north  of  the  Rohtak 
tehsil,  but  only  a  few  miles  to  the  south  of  the  four  villages  which  had 
reported  deaths  in  June  1906.  Further  this  village  had  itself  been 
infected  the  previous  epidemic,  the  last  death  being  reported  on  the 
27th  May. 

In  September  three  more  villages  were  returned  infected :  two  in 
Gohana  tehsil  to  the  north  of  the  village  infected  in  August,  and  the 
third  in  the  extreme  east  of  the  Sampla  tehsil.  Of  these  three  villages 
only  one  of  them  had  been  infected  in  1905 — 06,  the  last  death  taking 
place  on  10th  June,  1906. 

In  October  again  three  new  villages  reported  cases,  two  in  Gohana 
and  one  in  Sampla  tehsil.  Only  one  of  these  villages  had  been  infected 
in  the  previous  epidemic. 

During  the  next  two  months  a  few  more  villages  in  the  northern 
portion  of  the  district  became  infected  making  11  villages  which  up  to 
the  end  of  1906  returned  deaths.  It  is  important  to  note  that  of  these 
11  villages  only  four  had  been  infected  in  the  previous  epidemic,  the 
others  having  been  apparently  free  from  plague  in  every  instance  for  at 
least  15  months.  Further,  up  to  the  end  of  December,  the  infection 
was  entirely  confined  to  the  north  and  east,  especially  the  north,  portions 
of  the  district. 

The  remaining  maps  of  this  epidemic  show  a  gradual  thickening  of 
the  infected  villages  in  the  north-east  with  a  later  incursion  into  the 
centre  and  over  the  centre  into  the  west.  Rohtak  tehsil  in  the  west 
is  infected  late,  namely  March,  April  and  May,  while  Jhaggar  in  the 
south  is  hardly  infected  at  all.  In  this  tehsil  up  to  the  end  of  March 
only  four  villages  had  reported  deaths,  not  one  of  which  had  been 
infected  in  the  previous  epidemic.  The  pattern  in  short  suggests  a 
spread  out  from  the  centres  established  early  in  the  north  and  east. 

B.  Mozuffarnagar  District. 

The  first  plague  death  in  the  district  was  reported  from  Mozuf- 
farnagar town  in  January  1902.  This  was  probably  an  imported  case 
as  nothing  further  happened. 

In  April  of  the  same  year  a  village,  Biralsi,  in  Charthawal  thana 
reported  three  deaths.  As  there  was  no  further  sign  of  infection  in  this 
place  till  December  1904,  these  also  were  probably  not  indigenous 
cases. 
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No  more  deaths  were  returned  until  November  1902,  when  the  first 
epidemic  began. 

(a)  Epidemic  of  1902 — 03.  This  epidemic  was  a  small  one,  only 
25  villages  becoming  infected.  It  was  entirely  confined  to  the  south- 
east half  of  the  district  suggesting  that  the  invasion  had  taken  place 
from  this  direction.  It  is  interesting  to  note  in  passing  that  the 
railway  passes  from  south  to  north  through  this  portion  of  the 
district. 

With  the  exception  of  the  thana  of  Budhana,  in  which  several 
villages  close  together  returned  deaths,  the  patterns  of  the  maps  do  not 
suggest  a  spread  out  from  any  definite  centres,  the  villages  which 
became  infected  being  all  widely  separated  from  one  another.  We 
would  especially  draw  attention  to  this  springing  up  of  the  infection  in 
villages  at  a  distance  from  one  another.  This  fact  is  of  the  greatest 
importance  as,  it  is  to  be  remembered,  we  are  now  dealing  with  the  first 
epidemic  in  the  district  when  every  village  presumably  owed  its  infection 
to  importation. 

(6)  Epidemic  o/1903 — 04.  The  epidemic  of  1902 — 03  came  to  an 
end  in  the  month  of  June  1903.  During  July  and  August  of  this  year 
no  villages  reported  plague  deaths. 

The  epidemic  of  1903 — 04  began  in  two  towns,  both  of  which  had 
been  infected  late  in  the  previous  outbreak  and  showed  an  interval  of 
only  three  months  free  from  deaths. 

The  patterns  of  the  maps  suggest  a  spread  out  from  these  centres 
and  at  the  same  time  the  development  of  fresh  infections  further  afield, 
which  villages  again  become  the  centres  of  spread.  It  is  to  be  noted 
that  the  great  majority  of  the  villages  which  reported  deaths  in  this 
epidemic  had  never  been  infected  before.  Thus  of  130  villages  which 
returned  cases,  only  nine  of  them  had  been  infected  in  1902 — 03,  so  that 
in  the  case  of  at  least  121  (93  ^o)  villages  the  origin  of  the  outbreak 
may  be  attributed  to  importation. 

(c)  Epidemic  of  1904 — 05.  Taking  this  epidemic  to  have  begun 
in  July  1904,  there  was  no  interval  of  freedom  between  it  and  the 
previous  outbreak. 

Tijalhera,  a  village  in  Purkazi  thana,  became  infected  in  April  1904 
and  reported  deaths  right  through  the  off-season  till  10th  September, 
1904 ;  Bebra  in  Bhopa  thana  became  infected  in  May  1904  and  continued 
without  interruption  to  return  deaths  until  7th  October,  1904.  In  July, 
as  well  as  these  two  villages,  two  others  close  together  in  Charthawal 
thana  each  reported  two  deaths.     They  had  never  been  infected  before. 
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The  bridge  over  between  this  epidemic  and  that  of  1908 — 04  is 
therefore  clear  and  easily  traceable.  The  patterns  of  the  maps,  taking 
into  consideration  the  facts  that  the  epidemic  was  a  severe  one  and 
that  it  had  its  origin  probably  from  several  centres  left  over  from  the 
previous  epidemic,  do  not  differ  from  those  of  the  first  outbreaks.  They 
even  suggest  a  spread  out  from  the  centres  which  showed  infection  early 
in  the  epidemic. 

{d)  Epidemic  of  1905 — 06.  At  the  end  of  the  epidemic  of  1904 — 
05,  namely,  in  May  and  June  1905,  infected  villages  were  plentiful  and 
were  scattered  over  practically  the  whole  district.  It  is  not  surprising, 
therefore,  to  find  the  present  outbreak  springing  up  in  places  widely 
separated  from  each  other  and  also  in  villages  which  had  not  been 
infected  in  1904 — 05.  This  epidemic  w^as  a  small  one,  only  69  villages 
being  infected.  Taking  into  account  that  the  infection  was  probably 
carried  over  from  the  epidemic  of  1904 — 05  in  several  centres  the 
patterns  of  the  maps  in  no  way  differ  from  those  of  the  first  two 
epidemics. 

(e)  Epidemic  o/1906 — 07.  One  death  in  each  of  the  months  of 
July  and  August  1906  was  reported  from  the  town  of  Kandla  in  the 
south-west  corner  of  the  district.  This  town  had  returned  many  deaths 
as  late  as  May  1906.  The  epidemic  proper,  however,  began  in  several 
centres  at  a  distance  from  one  another  (vide  October  and  November 
maps).  The  patterns  of  the  maps  suggest,  as  in  the  first  epidemics,  a 
spread  out  in  the  immediate  neighbourhood  of  these  centres  and  at  the 
same  time  a  spread  to  villages  at  a  distance.  The  important  thing  to 
note  is  that  the  patterns  are  in  no  way  different  from  those  of  the  maps 
of  the  early  epidemics,  in  which,  as  we  have  remarked,  importation 
may  be  considered  to  have  been  the  cause  of  the  origin  of  the  outbreaks 
in  the  villages. 

C.     Amritsar  District. 

(a)  Epidemic  of  1901 — 02.  This  epidemic,  which  was  a  small  one, 
began  in  Amritsar  town  in  February  1902. 

The  patterns  of  the  map  do  not  suggest  at  the  beginning  a  regular 
centrifugal  spread  from  Amritsar  town.  During  April  and  May  there 
was,  however,  a  marked  increase  around  Amritsar  and  also  around  some 
of  the  villages  w^hich  were  infected  in  March. 

It  is  worthy  of  note  that  the  northern  tehsil  of  Ajnala  remained 
practically  free  during  the  whole  of  this  epidemic. 
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(h)  Epidemic  of  1902 — 03.  Amritsar  City  was  the  only  place 
which  reported  plague  deaths  throughout  the  off  season.  The  patterns 
of  the  maps  suggest  a  spread  out  from  Amritsar  itself  and  from  the 
places  which  first  reported  deaths  in  October  1902. 

Infected  villaores  were  at  first  confined  to  the  centre  of  the  district 
and  only  later  on  in  the  epidemic  did  the  outlying  north-west  and 
south-east  portions  become  infected.  As  importation  must  have  been 
the  all-important  factor  in  the  spread  of  this  epidemic  the  patterns  of 
the  maps  should  be  carefully  studied.  32  villages  were  still  reporting 
deaths  as  late  as  July  1903. 

(c)  Epidemic  of  1903 — 04.  The  place  in  which  the  infection 
remained  over  from  the  epidemic  of  1902 — 03  to  that  of  1903 — 04 
cannot  be  clearly  demonstrated.  Plague  deaths  were  reported  in 
Amritsar  City  till  the  end  of  August  1903  and  appeared  again  in 
November  just  to  the  north  of  this  City.  There  were  two  months 
during  which  no  plague  deaths  were  reported. 

The  patterns  of  the  maps  suggest  a  spread  out  from  centres 
established  by  January  1904.  They  resemble  those  of  the  previous 
epidemic. 

(d)  Epidemic  0/1904 — 05.  In  August  1904  a  village  in  the  north 
of  Amritsar  tehsil  returned  two  deaths.  It  had  not  been  infected 
during  the  epidemic  of  1903 — 04,  the  last  death  having  occurred 
13  months  previously.  In  September  four  more  villages  returned 
deaths.  Three  of  these  villages  had  never  been  infected  before  while 
the  fourth  had  enjoyed  a  free  interval  of  15  months.  It  seems  likely 
that  into  every  one  of  these  villages  the  infection  was  imported  either 
from  one  of  the  others  or  from  places  infected  at  the  end  of  the 
previous  epidemic. 

The  patterns  of  the  maps  in  no  way  differ  from  those  of  the  previous 
epidemics.  They  suggest  a  spread  out  from  villages  which  became 
infected  early  in  the  epidemic,  namely,  by  October  1904. 

(e)  Epidemic  of  1905 — 06.  Amritsar  town  had  no  interval  of 
freedom  between  the  epidemic  of  1904 — 05  and  that  of  1905 — 06.  It 
was  the  only  place  which  reported  deaths  during  the  months  of  August, 
September  and  October  1905.  The  patterns  of  the  subsequent  maps 
strongly  suggest  a  spread  out  from  three  centres,  namely,  Amritsar  town 
and  centres  on  the  north-east  and  east  of  Amritsar  tehsil. 

(/)  Epidemic  of  1906 — 07.  Amritsar  City  continued  to  report 
deaths  up  till  25  August,  1906,  bridging  over  a  considerable  portion  of 
the  off  season.    It  was  the  only  place  which  returned  deaths  in  August. 
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After  this  date  no  more  deaths  occurred  in  Amritsar  town  until  January 
1907. 

The  epidemic  proper  began  in  two  centres,  one  in  the  north-east  of 
the  district  in  Ajnala  tehsil  and  the  other  in  the  east  corner.  It  was 
well  advanced  before  Amritsar  City  began  to  return  deaths.  The 
patterns  of  the  maps  suggest  a  spread  out  from  the  places  infected  in  the 
early  months  of  the  epidemic  and  in  no  way  differ  from  those  of  previous 
epidemics. 

D.     Summary. 

In  the  three  districts  of  Rohtak,  Mozuffarnagar  and  Amritsar  the 
methods  of  spread  from  village  to  village  or  from  four  to  six  consecutive 
epidemics,  beginning  with  the  first  one,  have  been  traced  on  monthly 
maps. 

The  patterns  of  the  maps  of  the  later  epidemics  are  of  the  same  type 
as  those  of  the  first  two  epidemics,  both  of  which  may  be  presumed  to 
have  owed  their  spread  to  importation  and  not  to  recrudescence.  They, 
as  a  rule,  suggest  a  gradual  spreading  out  from  centres  or  foci  which 
become  established  early  in  the  epidemic.  These  centres  of  origin  may 
not  be  the  same  in  different  years.  In  Amritsar  district  in  some  of  the 
epidemics  Amritsar  City  seemed  to  be  the  centre  from  which  the 
infection  spread,  while  in  others  it  was  not  infected  till  late  on  in  the 
outbreak. 


III.    Previous  plague  history  of  the  villages  infected  ix  each 

EPIDEMIC. 

We  propose  now  to  analyse  in  each  district  the  previous  plague 
history  of  the  villages  infected  in  each  epidemic  with  the  object  of 
obtaining  data  regarding  the  relative  proportion  of  those  which  had 
never  been  infected,  of  those  which  had  been  infected  the  epidemic 
previous,  and  of  those  which  had  escaped  for  either  one  or  more 
epidemics. 

The  analysis  of  the  data  available  is  contained  in  Tables  VIII — X. 
These  tables  require  little  or  no  explanation  and  all  lead  to  the  same 
conclusions. 

In  the  case  of  the  first  two  epidemics,  as  85  to  100  p.c.  of  the 
villages  infected  had  never  before  suffered  from  plague,  importation 
must   have   been   the    chief    factor    in   the    origin    of    the    outbreak 
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in  each  village.  In  the  case  of  the  epidemics  either  small  or  large 
following  on  severe  ones,  e.g.  the  third  epidemic  in  Rohtak  district,  the 
fourth  epidemic  in  Mozuffarnagar  district  and  the  third,  fourth,  and  fifth, 
epidemics  in  Amritsar  district,  from  50  to  85  p.c.  of  the  villages  had 
been  infected  in  the  previous  year.  The  present  data  in  these  instances, 
therefore,  do  not  allow  us  to  come  to  any  definite  conclusion  as  regards 
the  relative  importance  of  importation  and  recrudescence. 

In  all  the  other  epidemics,  however,  that  is  to  say,  in  those  years  in 
which  the  previous  epidemic  was  slight  or  moderate  in  extent,  the 
percentage  of  villages  which  had  shown  infection  during  any  period 
less  than  18  months  is  so  small  that  unless  it  is  possible  for  the 
infection  to  lie  dormant  over  at  least  one  epidemic  season,  that  is  to  say 
for  18  months  or  longer,  we  must  conclude  that  importation  played  the 
most  important  part  in  the  spread  of  these  outbreaks^.  In  addition 
to  the  data  collated  in  these  tables,  we  have  to  consider  that  importation 
is  at  least  as  likely  to  occur  into  villages  which  have  been  previously 
infected  as  into  villages  which  have  never  been  infected. 


IV.     Previous  plague  history  of  villages  infected  at  the 

BEGINNING   OF    EACH    EPIDEMIC. 

We  have  already  in  passing  drawn  attention  to  the  fact  in  that  certain 
instances  villages,  which  began  to  return  plague  deaths  at  the  very 
beginning  of  an  epidemic  season,  had  been  infected  late  in  the  previous 
epidemic  with  perhaps  no  interval  at  all  or  one  of  only  two  months  free 
from  deaths.  This  observation  suggests  that  in  these  villages  the 
infection  survived  probably  as  acute  plague  in  the  rat.  We  propose 
now  to  consider  more  fully  for  each  district  the  data  referring  to  this 
question,  taking  the  villages  first  infected  in  each  epidemic  and 
inquiring  into  their  previous  plague  history.  We  shall  by  this  means 
obtain  an  idea  of  the  proportion  of  villages  reporting  deaths  early  in  an 
epidemic  which  probably  harboured  the  infection  from  one  epidemic  to 
another  as  acute  rat  plague.  These  data  are  contained  for  Rohtak 
district  in  Tables  XI — XV,  for  Mozuffarnagar  district  in  Tables  XVI — 
XX,  and  for  Amritsar  district  in  Tables  XXI— XXVI.  Tables  XV,  XX, 
and  XXVI  show  for  each  district  the  data  referring  to  villages  in  which 

^  It  is  possible  that  a  rat  epidemic  might  occur  without  a  human  epidemic.  Owing  to 
the  intimate  relation  between  men  and  rats  in  these  villages,  this  is  very  unlikely  :  the  con- 
ditions elsewhere  are  quite  different. 
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the  infection  was  very  probably  carried  over  from  one  epidemic  to 
another  as  acute  rat  plague. 

The    following  remarks  on  these  several  tables  will  lead  to  their 
better  understanding. 


A.     Rohtak  District. 

(a)  Epidemic  of  1903—04.  (Table  XI.)  As  this  was  the  first 
introduction  of  plague  into  the  district  none  of  these  villages  had  ever 
been  infected  before.  It  is,  however,  interesting  to  note  that  between 
November  1903  and  February  1904  ten  villages  had  returned  plague 
deaths. 

(b)  Epidemic  of  1904 — 05.  (Table  XII.)  This  was  a  very  severe 
epidemic,  following  on  one  in  which  only  a  small  proportion  of  the 
villages  had  been  infected. 

From  August  to  November  1904  inclusive  15  villages  returned 
plague  deaths  and  of  these  nine  had  been  infected  during  the  previous 
epidemic.  When  we  consider  that  only  57  villages  in  the  whole 
district  had  been  infected  in  1903 — 04,  this  high  proportion  is  strong 
evidence  of  the  infection  having  been  carried  on  in  some  at  least  of  these 
villages.  This  presumption  is  supported  from  the  fact  that  the  interval 
during  which  no  plague  deaths  were  returned  from  some  of  the  villages 
was  a  comparatively  short  one.  Thus  out  of  the  nine  villages  three  had 
a  free  interval  of  only  two  months,  two  of  three  months,  two  of  four 
months  and  two  of  five  and  six  months  each. 

In  December  six  new  villages  reported  deaths:  none  of  these  had 
been  previously  infected. 

(c)  Epidemic  of  1905—06.  (Table  XIII.)  This  epidemic  it  will  be 
remembered  followed  a  very  severe  and  widespread  outbreak  but  was 
itself  mild  and  limited  in  extent,  only  80  villages  returning  deaths. 

In  October  1905  two  villages  reported  deaths.  Both  of  these 
villages  had  been  infected  in  the  previous  epidemic  and  had  been  free 
from  deaths  for  three  or  four  months  respectively. 

In  December  and  January  four  other  villages  began  to  return 
deaths.  These  four  villages  had  also  been  infected  in  1903 — 04  but  had 
enjoyed  a  free  interval  of  from  five  to  seven  months. 

(d)  Epidemic  of  1906—07.  (Table  XIV.)  In  the  epidemic  of 
1906 — 07  half  the  villages  of  the  district  were  infected,  a  contrast  to 
the  previous  one  in  which  only  30  villages  reported  deaths.  During 
August  and  September  already  four  villages  were  returning  deaths. 
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Two  of  these  villages  had  been  infected  in  the  previous  epidemic  and 
had  enjoyed  only  two  months  in  which  no  deaths  occurred.  The  other 
two  villages  had  not  been  infected  since  1904 — 05  and  in  both 
instances  there  were  15  months  during  which  no  plague  deaths  had 
been  reported. 

During  October,  November  and  December,  several  more  villages 
returned  deaths.  Of  these  only  two  had  been  infected  in  the  epidemic 
of  1905 — 06  and  the  interval  of  apparent  freedom  was  three  and  five 
months  respectively. 

Thus  during  the  early  months  of  this  outbreak  out  of  11  villages 
which  reported  deaths  only  four  had  been  infected  in  the  previous 
epidemic,  the  intervals  of  freedom  being  in  two  instances  two  months,  in 
a  third  three  months,  and  five  months  in  the  fourth.  In  the  case  of  the 
other  seven  villages  no  plague  deaths  had  been  reported  for  from  15  to  21 
months. 


B.     Mozuffarnagar  District 

(a)  Epidemic  of  190S—04>.  (Table  XVI.)  During  September  1903 
to  January  1904  inclusive  16  villages  began  to  report  deaths  from  plague. 
Of  these  villages  13  had  not  been  infected  before,  and  three  had 
suffered  during  the  previous  epidemic;  one  of  these,  however,  had 
returned  only  one  death  in  the  epidemic  of  1902 — 03. 

In  the  case  of  both  the  other  two  villages  there  was  an  interval  of 
three  months  in  which  no  plague  deaths  were  reported.  It  is  also 
important  to  note  that  both  these  villages  began  to  report  cases  very 
early  in  the  epidemic,  namely,  in  October  1903. 

(b)  Epidemic  of  1904^—05.  (Table  XVII.)  The  epidemic  of  1904— 
05  was  a  severe  one  following  on  a  comparatively  mild  one. 

During  the  first  four  months  (July — October)  plague  deaths 
occurred  in  26  villages.  In  two  of  these  villages  the  bridge  over  was 
complete,  that  is  to  say,  there  was  no  interval  during  which  the 
villages  were  free  from  deaths  between  the  beginning  of  this  and  the 
end  of  the  last  epidemic.  One  village  was  infected  from  April  to 
September  and  the  other  from  May  to  October  inclusive.  A  third 
village,  which  returned  one  death  in  August  but  after  this  date  none 
till  October,  had  been  badly  infected  as  late  as  June.  It  is  probable, 
therefore,  that  the  infection  was  present  as  acute  rat  plague  during  this 
period,  namely,  June— October.  A  fourth  village  had  an  interval  of 
two  months,  July  and  August,  free  from  plague  deaths.     In  the  case  of 
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other  four  villages  which  evidently  had  comparatively  short  intervals  of 
freedom,  three  to  five  months,  it  is  doubtful  whether  they  were  really 
infected  or  not  in  the  outbreak  of  1908 — -04,  as  each  then  returned  only 
one  or  two  deaths. 

Of  the  remaining  18  villages,  which  began  to  return  plague  deaths 
early  in  this  epidemic,  15  had  never  been  infected  before,  and  the  other 
three  had  enjoyed  a  free  interval  of  from  17  to  18  months,  that  is  to  say, 
had  not  been  infected  during  the  previous  epidemic. 

From  this  short  account  it  is  seen  that  only  in  a  very  few  of  the 
villages  infected  at  the  beginning  of  this  epidemic  was  it  reasonable 
to  suppose  that  the  origin  of  the  disease  was  due  to  recrudescence  from 
remnants  left  over  from  the  previous  epidemic.  In  these  few  villages, 
however,  and  especially  in  the  two  which  had  no  free  interval,  it  is 
likely  that  the  infection  persisted  throughout  the  off  season  in  an 
acute  form  amongst  the  rats,  constituting  a  complete  bridging  over  of 
one  epidemic  to  the  other. 

(c)  Epidemic  of  1905—06.  (Table  XVIII.)  This  was  a  very  small 
outbreak  following  on  a  very  severe  one. 

We  have  analysed  the  previous  plague  history  of  19  villages  which 
began  to  report  deaths  at  the  beginning  of  the  epidemic,  that  is  to  say, 
during  August  05 — February  06.  Of  these  villages  six  had  never  been 
infected  before ;  one  had  been  infected  in  the  1903 — 04  epidemic  and 
had  enjoyed  an  interval  of  freedom  for  19  months;  the  remaining  12 
villages  had  been  infected  during  the  previous  epidemic.  But  in  the 
case  of  four  of  these  villages  there  was  only  one  or  two  deaths  reported  in 
the  epidemic  of  1904 — 05,  and  in  three  others  there  was  only  one  death  in 
the  epidemic  of  1905 — 06,  so  that  we  are  justified  in  concluding  that  in 
none  of  these  seven  villages  was  it  likely  that  the  infection  had  survived 
from  one  epidemic  to  the  other.  That  leaves  us  with  five  villages  which 
were  definitely  infected  in  both  epidemics.  The  intervals  during  which 
no  deaths  were  reported  in  these  villages  was  2,  5,  7,  11  and  12  months 
respectively. 

{d)  Epidemic  of  1906 — 07.  (Table  XIX.)  This  was  a  very  severe 
epidemic,  affecting  as  it  did  more  than  half  the  villages  of  the  district. 
It  will  be  remembered  that  it  followed  on  a  very  mild  outbreak. 

We  have  traced  the  previous  plague  history  of  the  45  villages  which 
were  the  first  to  report  deaths,  that  is  during  the  period  from  July  to 
December  1906  inclusive. 

Twelve  of  these  villages  had  never  been  infected  in  any  previous 
epidemics;  two  had  not  returned  any  deaths  since   the  epidemic  of 
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1903 — 04,  having  enjoyed  a  free  interval  of  29  and  30  months  respec- 
tively :  twenty  had  been  last  infected  in  the  severe  outbreak  of  1904 — 
05,    having  escaped  in   the   epidemic   of   1905 — 06.     The   interval    of 
freedom   from  deaths  in  these  villages   varied  from  17  to  22  months. 
In  none  of  these  villages  therefore,  is  it  at  all  likely  that  the  infection 
survived  from  one  epidemic  to  the  other.     We  are  now  left  to  analyse 
the  data  in  the  case  of  the  remaining  11  villages  which  were  infected  in 
the  two  consecutive  epidemics  of  1905 — 06,  and  1906 — 07.     From  the 
table  it  will  be  seen  that  in  the  case  of  three  of  these  villages  there  was 
only  one  death  in  one  or  other  of  the  epidemics  so  that  the  infection 
was  probably  not  indigenous.     In  the   remaining   eight  villages   the 
interval  during  which  no  deaths  were  reported  varied  from  one  to  six 
months,  and  in  all  these,  there  is  the  possibility  of  the  infection  bridging 
over  the  epidemics  as  acute  plague  in  the  rat.     Amongst  these  villages 
Kandla,  a  town  with  a  population  of  over  11,000,  has  a  most  interesting 
history.     It  was  infected  badly  in  the  epidemic  of  1905 — 06,  the  last 
death  being  reported  on  25th  May,  1906.     In  June  no  deaths  were 
reported,  but  in  each  of  the  months  of  July  and  August  one  death 
came  to  light.     During  September  and  October  again  no  deaths  were 
returned  as  due  to  plague,  but  in  November  between  the  8th  and  14th 
seven  deaths  were  reported  as  plague.     From  this  latter  date  until  the 
24th  February,  1907,  the  epidemic  appeared  to  be  entirely  in  abeyance. 
It  then  started  again  and  between  24th  February  and  4th  July,  1907, 
600  deaths  took  place. 

Such  a  history  as  this  appears  to  us  strongly  in  favour  of  the 
supposition  that  in  this  town  acute  plague  amongst  the  rats  accom- 
panied by  a  few  human  cases  was  present  during  the  whole  off  season 
and  bridged  over  the  interval  between  the  two  epidemics. 

C.     Amritsar  District 

(a)  Epidemic  of  1902—03.  (Table  XXI.)  Amritsar  City  had  no 
interval  free  from  deaths  between  the  epidemic  of  1901 — 02  and  that 
of  1902 — 03.  In  July  1902  there  were  three,  in  August  14  and  in 
September  47  deaths.  It  is  certain,  therefore,  that  acute  rat  plague 
was  present  in  the  city  throughout  the  off  season. 

Of  the  45  villages  which  began  to  report  deaths  early  in  this 
epidemic,  namely,  in  October  and  November,  only  seven  had  been 
previously  infected.  They  had  been  free  from  deaths  for  from  three  to 
four  months.  It  is  probable,  therefore,  that  in  some  of  these  villages 
also  acute  rat  plague  bridged  over  the  two  epidemics. 
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{h)  Epidemic  0/ 1903— 04.  (Table  XXII.)  In  Arnritsar  City  the 
epidemic  of  1902 — 03  was  continued  into  August,  the  last  death  being 
reported  on  26.  viii.  03.  No  more  deaths  were  returned  until  January 
1904  so  that  the  bridge  over  of  the  two  epidemics  as  acute  rat  plague 
cannot  be  completely  demonstrated. 

Up  to  the  end  of  December  1903  only  two  villages  returned  plague 
deaths.  One  of  these  had  reported  a  single  death  twelve  months  before 
while  the  other  had  enjoyed  a  free  interval  for  six  months. 

During  January  1904,  20  villages  began  to  return  deaths.  Three 
of  these  had  never  been  infected  before,  one  had  been  last  infected  in 
the  epidemic  of  1901 — 02,  while  the  remainder  had  reported  deaths  in 
the  previous  epidemic.  The  shortest  interval  of  freedom,  however, 
which  any  of  these  villages  enjoyed  was  six  months,  while  some  of  them 
had  been  free  for  as  long  as  10  to  11  months. 

(c)  Epidemic  of  1904—05.  (Table  XXIII.)  In  August  and 
September  1904  five  villages  began  to  return  plague  deaths.  Three  of 
them  had  never  been  infected  before,  while  the  other  two  had  had  free 
intervals  of  13  and  15  months  respectively.  In  not  one  of  these  villages, 
therefore,  is  it  probable  that  the  epidemics  were  bridged  over  by 
acute  plague  in  the  rat. 

During  October  and  November,  1904,  37  villages  became  infected. 
Of  these  villages  eight  had  never  been  infected  in  any  of  the  previous 
epidemics  and  13  had  been  for  14  months  or  longer  free  from  deaths. 
That  leaves  us  with  16  villages  which  had  reported  plague  deaths  in  the 
previous  epidemic  of  1903 — 04.  Three  of  these  villages  had  a  free 
interval  of  three  months,  seven  had  four  months,  five  had  five  months 
and  one  six  months. 

{d)  Epidemic  of  1905— 06.  (Table  XXIV.)  Amritsar  City  was  still 
reporting  plague  deaths  in  August  1905;  no  free  interval  occurred 
between  the  end  of  the  last  epidemic  and  the  beginning  of  that  of 
1905 — 06.  From  the  beginning  of  August  till  the  end  of  the  year  in 
this  city  40  deaths  were  reported  as  being  due  to  plague.  There  can 
be  no  doubt,  therefore,  that  acute  rat  plague  must  have  been  present  in 
Amritsar  City  throughout  the  whole  of  the  off  season  of  1905. 

During  August,  September  and  October  1905,  no  other  place 
except  Amritsar  City  reported  deaths.  During  November  and 
December  1905,  three  more  villages  were  recognised  as  being  infected. 
Only  one  of  these  had  been  infected  in  the  previous  epidemic,  the  last 
death  having  been  reported  in  March  1905,  i.e.  there  was  a  free  interval 
of  at  least  seven  months. 
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During  January  and  February  1906,  22  villages  began  to  report 
plague  deaths.  As  will  be  seen  from  the  Table  everyone  of  these 
villages  had  been  infected  in  some  previous  epidemic,  19  in  the  severe 
epidemic  of  1904—05  and  the  other  three  in  that  of  1903—04.  The 
shortest  interval  of  freedom  from  deaths  enjoyed  by  any  of  the  villages 
infected  in  1904 — 05  was  five  months  and  the  longest  10  months. 

{e)  Epidemic  of  1906— 07.  (Table  XXV.)  In  August  1906  Amritsar 
City  still  continued  to  report  deaths  from  plague.  The  last  death 
occurred  on  25.  viii.  06,  and  from  that  date  till  January  1907  the  city 
was  apparently  free  from  the  disease,  that  is  to  say,  no  deaths  were 
returned. 

In  September  two  villages  began  to  report.  One  of  these  villages 
had  not  been  infected  since  December  1904,  while  the  other  had  only 
been  two  months  free  from  deaths. 

In  October  three  more  villages  were  reported  to  be  infected.  One 
of  these  villages  had  never  been  infected  before  while  the  other  two 
had  been  free  from  deaths  for  15  and  40  months  respectively. 

During  November  and  December  1906  38  new  villages  began  to 
return  plague  deaths.  Of  these  villages  three  had  never  been  infected 
before,  23  had  been  infected  in  some  previous  epidemic  but  not 
in  that  of  1905 — 06,  while  the  remaining  12  had  returned  deaths 
during  the  last  epidemic,  the  interval  of  freedom  enjoyed  being  from 
4 — 6  months. 

Lastly  in  Tables  XV,  XX  and  XXVI  we  have  for  each  district  collected 
together  from  the  various  epidemics  the  data  referring  to  those  villages 
in  which,  judging  from  the  short  period  of  freedom  from  plague  deaths, 
the  infection  was  probably  carried  over  from  one  epidemic  to  the  next 
one  as  acute  rat  plague.  It  would  appear  then  that  at  the  beginning 
of  each  epidemic  amongst  the  first  villages  to  report  plague  deaths  are 
some  in  which  deaths  have  occurred  late  in  the  previous  epidemic  and 
that  there  are  instances  in  which  there  may  be  no  interval  of  freedom 
at  all.  It  is  to  be  remembered  that  the  data  under  analysis  only  refer  to 
plague  deaths  not  to  cases  which  recover,  and  that  it  is  more  than 
likely  that  both  cases  and  deaths  occurring  in  small  number  in  the  off 
season  would  be  concealed,  the  deaths  being  returned  as  due  to  some 
other  cause.  It  is  of  course  possible  that  the  epizootic  amongst  the 
rats  might  continue  without  any  plague  cases  in  the  human  population, 
held  in  check  by  the  unfavourable  conditions  to  which  we  have  drawn 
attention  in  another  paper  (Journal  of  Hygiene,  vol.  Vlll.  p.  266),  namely, 
a  mean  temperature  above  86°  F.  and  a  paucity  of  rat  fleas.     If,  there- 
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fore,  nil  human  plague  cases  had  come  within  our  ken  and  especially  if 
the  rat  population  could  have  been  examined  as  was  done  in  Bombay  it 
is  probable  that  the  bridging  over  the  off  season  by  acute  plague  in  the 
rat  would  have  been  more  clearly  demonstrated  and  in  more  villages 
than  we  have  been  able  to  do  with  the  data  at  our  disposal. 

Two  points  of  interest  and  importance  require  mention  before 
leaving  this  part  of  our  subject.  First,  it  is  seen  from  the  tables  that 
the  villages  in  which  the  epidemics  are  bridged  over  are  of  large  size 
with  a  population  considerably  greater  than  that  of  the  average  village 
of  the  district.  It  is  also  seen  that  with  few  exceptions,  e.g.  Amritsar 
town,  the  villages  in  which  apparently  the  infection  survives  the  off 
season  vary  from  year  to  year. 

D,     Summary. 

Villages  which  return  plague  deaths  early  in  an  epidemic  are  in 
some  instances  those  which  were  infected  late  in  the  previous  epidemic. 
There  may  be  no  interval  free  from  deaths  or  it  may  be  as  short  as  one  to 
three  months.  In  the  great  majority,  however,  of  early  infected  villages 
the  interval  of  freedom  is  very  much  longer,  suggesting  a  fresh 
importation  of  the  infection. 

The  villages  in  which  one  epidemic  is  bridged  over  from  the 
previous  one  are  as  a  rule  of  large  size.  They  also,  with  the  exception 
of  the  large  towns  such  as  Amritsar,  vary  from  year  to  year. 

V.    Future  plague  history  of  the  villages  infected  in  the 

COURSE   OF   THE   MILDER   EPIDEMICS. 

In  all  three  districts  some  of  the  epidemics  were  very  mild,  affecting 
only  a  comparatively  small  number  of  the  total  villages.  It  was  a 
simple  matter,  therefore,  to  follow  up  the  history  of  all  these  villages 
and  to  put  into  tabular  form  the  data  obtained.  This  has  been 
done  for  two  epidemics  in  two  of  the  districts,  namely  Rohtak  and 
Mozuffarnagar. 

An  analysis  of  these  data  throws  light  on  the  question  of  the 
bridging  over  of  the  epidemics.  The  data  and  their  analysis  are 
contained  in  the  following  tables : — 

(1)  Rohtak  district— Tables  XXVII— XXXII. 

(2)  Mozuffarnagar  district— Tables  XXXIII— XXXVIII. 

To  these  tables  the  following  remarks  apply. 
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A.     Rohtak  District. 

(a)  Epidemic  of  190S—04<.  From  Table  XXVII  it  is  seen  that  of  the 
57  villages  which  were  infected  during  this  epidemic  six  were  not  again 
infected  and  seven  did  not  return  any  more  deaths  until  the  epidemic 
of  1906 — 07,  that  is  to  say,  nearly  two  years  afterwards.  Further  13 
villages  reported  less  than  three  deaths  during  the  epidemic  under 
consideration,  suggesting  the  probability  that  they  were  not  truly 
infected  but  that  the  cases  contracted  their  infection  elsewhere.  We 
are,  therefore,  left  with  31  villages,  which,  infected  in  the  epidemic  of 
1903 — 04,  were  again  infected  in  1904 — 05.  It  is  possible,  therefore, 
that  in  every  one  of  these  villages  the  second  epidemic  had  its  origin  in 
remnants  left  over  from  the  first  one.  When,  however,  we  consider 
that  more  than  half  the  villages  of  the  district  were  infected  in  1904 — 
05  and  that  the  great  majority  of  them  presumably  owed  the  origin  of 
infection  to  importation,  it  is  justifiable  to  assume  that  a  certain 
proportion  of  these  31  villages  were  also  infected  by  importation.  This 
assumption  receives  material  support  from  an  analysis  of  the  data, 
which  refer  to  the  period  during  the  second  epidemic  at  which  these 
villages  first  returned  deaths  (Table  XXVIII)  and  which  show  the  number 
of  months  during  which  they  were  free  from  plague  deaths  (Table 
XXIX). 

From  Table  XXVIII  it  is  seen  that  in  only  nine  out  of  the  31  villages 
were  plague  deaths  returned  at  all  early  in  the  epidemic  of  1904 — 05, 
that  is  to  say,  before  January  1905.  Further,  from  Table  XXIX  it  is  seen 
that  only  in  the  case  of  seven  of  the  villages  was  the  free  interval  less 
than  five  months. 

(h)  Epidemic  of  1905 — 06.  We  have  analysed  the  future  history 
of  the  villages  infected  during  this  epidemic  in  the  same  manner  as  was 
done  with  those  of  the  1903 — 04  epidemic.  The  data  are  set  forth  in 
Table  XXX. 

In  all  30  villages  returned  plague  deaths  ;  four  of  these  were  not 
infected  in  the  epidemic  of  1906—07  and  six  had  less  than  five  deaths, 
and  these  we  have  taken  to  be  imported  cases,  that  is  to  say,  received 
their  infection  elsewhere.  We  are,  therefore,  left  with  20  villages  which 
were  definitely  infected  in  both  epidemics  and  in  the  case  of  all  of  which 
it  might  be  argued  that  the  infection  in  1906 — 07  originated  from 
remnants  left  over  from  1905 — 06.     But  as  happened  in  the  epidemics 
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of  1903 — 04  and  1904 — 05,  very  few,  namely,  four,  of  these  20  villages 
returned  deaths  early  in  the  second  epidemic  (Table  XXXI)  and  the 
interval  free  from  deaths  was  five  months  or  less  only  in  the  case  of  four 
of  the  villages  (Table  XXXII). 


B.     Mozuffaimagar  District, 

(a)  Epidemic  of  1902—03.  In  Table  XXXIII  are  set  forth  the  de- 
tails as  regards  plague  infection  of  the  25  villages  which  reported  plague 
deaths  during  this  epidemic.  From  this  table  it  is  seen  that  11  of  the 
villages  returned  only  one  or  at  most  two  deaths,  so  that  it  is  more 
than  probable  that  these  cases  were  imported  and  that  there  was  no 
indigenous  plague.  They  are,  therefore,  left  out  of  account.  Of  the 
remaining  14  villages  three  were  never  again  infected.  The  analysis  of 
the  data  as  regards  the  future  plague  history  of  the  remaining  11  villages 
is  set  forth  in  Tables  XXXIV  and  XXXV.  Six  of  the  villages  were 
again  infected  in  the  next  epidemic  but  only  two  of  these  six  returned 
cases  at  all  early  in  the  course  of  the  outbreak,  having  enjoyed  a  free 
interval  of  three  months  or  less.  The  other  four  became  infected  well 
on  in  the  epidemic  at  a  time  when  many  other  villages  were  reporting 
deaths.  We  are  left  with  five  villages  which,  having  escaped  in  the 
epidemic  of  1903 — 04,  were  infected  in  some  subsequent  outbreak. 
They  enjoyed  free  intervals  of  from  16  to  20  months. 

(6)  Epidemic  of  1905 — 06.  This  was  a  more  widespread  epidemic 
than  that  of  1902 — 03,  69  villages  in  all  reporting  plague  deaths.  It 
was  followed  by  a  very  severe  outbreak,  the  last  of  which  we  take  any 
cognizance. 

The  dataconcerning  the  infected  villages  are  set  forth  on  Table  XXXVI. 
From  an  analysis  of  this  table  it  is  found  that  seven  of  the  villages  were 
not  infected  in  the  following  epidemic  leaving  62  which  reported  deaths 
in  both  epidemics.  But  in  the  case  of  nine  of  these  villages  there  was 
only  one  death  reported  in  one  or  other  of  the  epidemics,  so  that  we  are 
left  with  53  villages  which  can  be  said  to  have  been  definitely  infected 
in  both  epidemics.  Further  analysis  shows  us  that  the  great  majority 
of  these  villages  began  to  return  deaths  well  on  in  the  epidemic,  when 
a  great  many  other  villages  were  already  infected  and  that  only  a  small 
proportion  had  a  short  interval  of  freedom  or  reported  deaths  early  in 
the  epidemic  (Tables  XXXVII  and  XXXVIII). 
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C.     Summary. 

A  relatively  small  number  of  villages  in  the  Rohtak  district 
were  infected  in  the  epidemics  of  1903 — 04  and  1905 — 06,  and  in 
the  Mozuffarnagar  district  in  the  outbreaks  of  1902 — 03  and  1905 — 
06.  Even  when  the  majority  of  the  villages  which  returned  deaths  in 
these  epidemics  were  again  infected  in  the  following  epidemic,  analysis 
of  the  data  shows  that  in  the  great  majority  of  these  villages  the 
infection  did  not  take  place  until  late  in  the  epidemic  at  a  time 
when  many  other  villages,  not  infected  in  the  mild  epidemic,  were 
returning  deaths.  Importation,  therefore,  is  at  least  equally  likely  to 
have  been  the  origin  of  the  second  outbreak  as  recrudescence. 


VI.    Future  plague  history  of  villages  infected  at  the  end  of 

EACH  epidemic. 

We  have  already  seen  that  the  villages  infected  at  the  beginning  of 
an  epidemic  are  sometimes,  but  comparatively  rarely,  those  which  have 
returned  deaths  at  the  end  of  the  previous  epidemic  and  that  in  some 
instances  there  may  be  no  period  of  freedom  from  plague  deaths,  or  that 
the  free  interval  may  be  as  short  as  from  one  to  three  months.  We 
propose  in  this  section  to  inquire  into  the  future  plague  history  of 
those  villages  which  reported  deaths  at  the  end  of  the  various  epidemics 
in  the  different  districts.  We  hope  thus  to  obtain  some  idea  of  the 
proportion  of  late  infected  villages  which  are  infected  early  in  the  next 
epidemic.  The  importance,  also,  of  such  an  inquiry  from  a  prophylactic 
point  of  view  is  evident.  The  crude  data  as  regards  the  villages  in 
Rohtak  district  are  set  forth  in  Table  XXXIX,  in  Mozuffarnagar  district 
in  Table  XL,  and  in  Araritsar  district  in  Table  XLI.  The  analysis  of 
these  data  is  contained  in  Tables  XLII — XLIV. 

A.     Rohtak  Distinct. 

(a)  Villages  infected  at  end  of  the  epidemic  0/1903 — 04.  In  June 
1904  nine  villages  had  their  last  plague  death,  while  in  July  the 
infection  apparently  remained  only  in  one. 

From  all  of  these  ten  villages  deaths  were  reported  in  the  next 
epidemic,  which  it  will  be  remembered  was  very  severe  and  widespread. 
When,  however,  we  come  to  consider  the  interval  during  which  these 
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ten  villages  returned  no  deaths  (Table  XLII)  we  see  that  the  majority 
of  them  did  not  again  show  infection  till  late  on  in  the  1904 — 05 
epidemic,  which  by  that  time  was  widespread  and  affecting  many 
villages.  Only  three  of  the  ten  villages  had  a  free  interval  of  less  than 
five  months. 

(6)  Villages  infected  at  end  of  the  epidemic  of  1904 — 05.  This  was 
a  severe  epidemic  and  a  considerable  number  of  villages  still  reported 
deaths  towards  the  end,  namely  36  in  June  and  one  in  July. 

What  was  the  plague  history  of  these  37  villages  in  the  following 
epidemics  of  which  that  of  1905 — 06  was  slight  and  that  of  1906 — 07 
was  severe  ?  Eight  were  not  infected  in  either  of  these  epidemics, 
20  were  infected  in  1906 — 07  but  not  in  1905 — 06,  leaving  only  nine 
which  returned  deaths  in  the  latter  epidemic.  In  two  of  these  nine 
villages  very  few  deaths  occurred,  six  or  under,  which  suggests  that 
there  may  have  been  no  indigenous  plague  in  them. 

When  we  now  consider  the  interval  of  freedom  from  deaths  which 
the  29  villages  subsequently  infected  enjoyed  we  find  (Table  XLII) 
that  the  great  majority  of  them  were  free  for  a  long  period,  19 — 23 
months,  and  that  all  the  nine  villages  which  returned  deaths  in  the 
epidemic  of  1905 — 06  were  free  for  at  least  five  months  and  the 
majority  of  them  for  8 — 9  months. 

(c)  Villages  infected  at  the  end  of  the  epidemic  of  1905 — 06.  Of 
the  villages  infected  during  this  mild  epidemic  only  four  still  reported 
deaths  in  June,  so  that  we  shall  include  in  our  analysis  eight  others  in 
which  the  last  deaths  occurred  in  May,  12  villages  in  all.  Of  these 
12  villages  three  returned  no  deaths  while  nine  became  infected  in  the 
epidemic  of  1906 — 07,  which  it  will  be  remembered  was  severe  and 
widespread.  When  we  analyse  (Table  XLII)  the  data  referring  to  the 
interval  during  which  these  villages  returned  no  plague  deaths  it  is 
seen  that  two  had  a  free  interval  of  2  to  3  months,  while  the  remaining 
seven  villages  did  not  report  deaths  till  late  on  in  the  epidemic,  when 
many  other  villages  were  already  infected.  They  had  enjoyed  a  free 
interval  of  from  7  to  10  months. 

B.     Mozuffarnagar  District. 

(a)  Villages  infected  at  the  end  of  epidemic  o/1902 — 03.  In  the 
epidemic  of  1902 — 03,  11  villages  still  returned  deaths  in  May  or  June 
1903.  Of  these  one  was  not  again  infected,  while  the  period  of  freedom 
enjoyed  by  the  other  ten  varied  from  3  to  20  months.     From  Table 
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XLIII  it  will  be  seen  that  the  great  majority  did  not  again  report 
deaths  until  after  an  interval  of  more  than  eight  months. 

{h)  Villages  infected  at  the  end  of  epidemic  of  1903 — 04.  In  the 
epidemic  of  1903 — 04,  22  villages  were  still  returning  plague  deaths  in 
June  1904.  Two  of  these  had  no  free  interval,  deaths  continuing  to 
occur  right  through  the  off  season ;  two  others  had  an  interval  of 
freedom  of  one  and  two  months  respectively ;  further,  10  more  villages 
returned  deaths  in  the  epidemic  of  1904 — 05,  but  did  not  begin  until 
late  on  in  the  epidemic,  at  a  time  when  many  other  villages  were 
infected.  The  remaining  eight  villages  were  not  infected  till  a 
subsequent  epidemic,  escaping  altogether  during  the  1904 — 05  out- 
break. 

(c)  Villages  infected  at  the  end  of  epidemic  of- 1904 — 05.  In  the 
epidemic  of  1904 — 05,  35  villages  returned  plague  deaths  as  late  as 
June  1905.  Of  these  villages  seven  were  not  again  infected,  23  did  not 
return  deaths  till  the  epidemic  of  1906 — 07,  while  the  remaining  five 
were  infected  in  the  epidemic  of  1905 — 06  but  not  until  late  on  in  the 
course  of  the  outbreak. 

{d)  Villages  infected  at  the  end  of  epidemic  of  1905 — 06.  In  the 
epidemic  of  1905 — 06,  which  it  will  be  remembered  w^as  a  very  mild 
one,  only  six  villages  reported  deaths  in  June.  All  these  were  again 
infected  during  the  severe  epidemic  of  1906 — 07,  but  deaths  did  not 
begin  to  occur  till  the  epidemic  was  fairly  well  advanced,  the  interval 
of  freedom  enjoyed  being  from  4  to  8  months. 

C.     Amritsar  District. 

It  is  unnecessary  to  do  anything  further  than  draw  attention  to  the 
table  containing  the  data  (XLI)  and  that  showing  the  analysis  (XLIV). 
These  are  of  the  same  nature  as  those  already  described  for  Rohtak  and 
Mozuffarnagar  districts. 

D.     Summary. 

Villages  which  return  deaths  at  the  end  of  one  epidemic  may  or 
may  not  show  infection  during  the  next  epidemic.  Only  in  a  very  few 
instances  is  there  no  interval  free  from  plague  deaths  between  one 
epidemic  and  another  and  in  a  few  more  the  interval  is  from  1  to  4 
months.  On  the  other  hand  the  great  majority  of  the  villages  infected 
at  the  end  of  an  epidemic  do  not  report  deaths  early  in  the  subsequent 
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epidemic.  They  are  either  not  infected  at  all  or  the  free  interval  is 
from  6  to  10  months.  By  this  time  the  epidemic  is  already  wide- 
spread and  many  other  villages  are  infected. 


VII.     The  question  whether  plague  tends  to  recur  in  villages 

IN  successive  epidemics. 

As  this  question  is  elsewhere  fully  discussed  by  Dr  Greenwood  we 
need  not  do  more  than  refer  to  the  tables  annexed  and  to  the  general 
conclusions  these  would  appear  to  us  to  support. 

We  would  remind  our  readers  that  in  our  study  of  plague  in  the 
Punjab  villages  of  Dhand  and  Kasel  {Journal  of  Hygiene,  vol.  vii.  p.  984) 
an  attempt  was  made  to  determine  whether  houses  which  were  infected 
in  one  epidemic  were  especially  liable  to  be  again  infected  in  any 
subsequent  epidemic,  and  that  we  arrived  at  the  very  definite  con- 
clusion that  plague  showed  no  tendency  to  recur  in  houses  during 
successive  epidemics.  The  same  method  was  now  used  to  ascertain  if 
the  villages  in  the  three  districts  of  Rohtak,  Mozuffarnagar  and 
Amritsar  owed  their  infection  to  chance  or  not. 

The  data  are  given  for  Rohtak  in  Tables  XLV  to  XLVII,  for 
Mozuffarnagar  in  Tables  XL VIII  to  L,  and  for  Amritsar  in  Tables  LI 
to  LIII. 

From  a  study  of  these  tables  which  show  a  marked  lack  of  corre- 
spondence between  the  actual  and  calculated  figures  it  is  evident  that 
chances  of  infection  were  not  altogether  random,  that  is  to  say,  that 
some  villages  were  more  liable  to  be  infected  than  others. 

On  thinking  over  the  problem  it  suggested  itself  to  us  that  the 
population  of  the  villages  might  be  an  important  fVictor  in  determining 
whether  a  village  would  become  infected  or  not.  We  have  roughly 
tested  the  truth  of  this  hypothesis  in  all  three  districts,  first  by 
comparing  the  average  population  of  the  villages  infected  in  each  of  the 
epidemics,  it  being  remembered  that  the  epidemics  varied  greatly  in 
severity,  and  secondly  by  comparing  the  average  population  of  the 
villages  infected  in  none  of  the  epidemics,  in  one  epidemic  only,  in  any 
two,  three  etc.  epidemics. 

These  data  are  contained  in  Tables  LIV  to  LV  for  Rohtak  district. 
Tables  LVI  to  LVII  for  Mozuffarnagar  district  and  Tables  LVIII  to 
LIX  for  Amritsar  district.     These  tables  all  show  the  same  phenomena. 

First,  it  is  seen  that  in  the  epidemics  in  which  only  a  small  number 
of  villages  returned  deaths  the  average  population  of  these  villages  was 
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very  much  greater  than  that  of  the  villages  infected  in  the  years  in 
which  a  large  number  reported  deaths,  that  in  fact,  there  was  an 
invei-se  proportion  between  the  number  of  villages  attacked  in  an 
epidemic  and  the  average  population  of  these  villages. 

Secondly,  it  is  seen  that  the  average  population  of  the  villages 
which  have  enjoyed  complete  immunity  is  very  small  and  that  the 
greater  the  number  of  times  the  villages  are  infected  the  greater  the 
average  population.  There  is  in  fact  a  direct  proportion  between  the 
number  of  epidemics  in  which  villages  are  infected  and  the  average 
population  of  the  villages. 

Thirdly,  in  the  case  of  Rohtak  there  is  another  piece  of  evidence 
which  shows  that  population  is  an  important  factor  in  determining  the 
chances  of  infection  of  a  village.  In  an  early  part  of  this  paper  we 
draw  attention  to  the  fact  that  in  the  Jhaggar  tehsil  of  Rohtak  district 
there  were  not  only  a  smaller  number  of  inhabitants  but  also  a  larger 
number  of  villages  than  in  any  of  the  other  three  tehsils,  the  result 
being  that  the  average  population  of  the  villages  in  this  subdivision 
was  comparatively  small,  much  below  that  of  the  other  tehsils  and  of 
the  district  as  a  whole.  This  being  so  we  should  expect  to  jSnd  that 
the  villages  of  the  Jhaggar  tehsil  had  suffered  less  than  those  of  the 
other  tehsils.  And  this  expectation  is  shown  to  be  correct  both  from 
the  figures  set  forth  in  Table  LX  and  from  the  maps  1  to  6. 

From  the  table  it  is  seen  that,  while  51*9  p.c.  of  the  villages  in 
Jhaggar  tehsil  were  never  infected  with  plague,  in  the  other  tehsils  this 
percentage  was  between  7  and  19.  Further  it  is  seen  that  the 
percentage  of  villages  in  Jhaggar  infected  in  two  and  three  epidemics 
was  very  much  less  than  in  Rohtak,  Gohana  and  Sampla. 

In  the  maps  1  to  5  the  villages  infected  in  none  of  the  epidemics, 
in  only  one  epidemic,  in  any  two,  in  any  three  and  in  all  four  epi- 
demics respectively  have  been  marked  out.  It  is  seen  at  once  that  as 
regards  villages  infected  in  all  four  epidemics  there  is  no  marked 
grouping,  that  Jhaggar  is  remarkably  free  from  villages  infected  in  any 
three  epidemics  and  contains  much  the  greatest  number  of  villages 
infected  in  two  epidemics  and  those  never  infected  at  all. 
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Summary. 

By  comparing  the  actual  number  of  villages  infected  in  none  of  the 
epidemics,  in  only  one,  in  any  two  etc.  epidemics  with  the  number 
calculated  on  the  assumption  that  all  villages  are  equally  liable  to 
become  infected,  it  is  evident  from  the  lack  of  correspondence  between 
the  actual  and  calculated  figures  that  the  assumption  is  not  correct, 
that,  in  fact,  some  villages  are  more  liable  to  become  infected  than 
others. 

On  further  investigation  it  would  appear  that  one  factor  at  least 
which  determines  this  greater  liability  to  infection  is  the  number  of 
inhabitants,  the  larger  villages  being  more  often  infected  than  the 
smaller. 


TABLE   I. 


Showing  the  distribution  of  the  'population  in  the  four  Tehsils 
of  the  Rohtak  District. 


Tehsil 

No.  of 
villages 

Population 

Average  population 
per  village 

Gohana 

79 

140,682 

1781 

Rohtak 

109 

195,423 

1793 

Sampla 

124 

160,262 

1292 

Jhaggar 

187 

124,455 

665 

TABLE   IL 

Showing  a  summary  of  the  plague  history  of  Rohtak  District 

for  each  epidemic. 


Epidemic  of 

1903—04 
1904—05 
1905—06 
1906—07 


Number  of  villages 
which  returned  deaths 

Total  mortality 
about 

37 

2500 

285 

27,000 

30 

2000 

249 

30,000 

25—2 
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TABLE   III. 


Showing  tlie  number  of  villages  infected  month  by  month  in  each 
Tehsil  of  the  Kohtak  District. 


Month 
January 


February 


March 


April 


May 


June 


July 


August 


September 


October 


November 


December 


Year 

Rohtak 

Gohana 

Sampla 

Jhaggar 

Total 

1904 

3 

0 

0 

1 

4 

1905 

26 

7 

14 

16 

63 

1906 

2 

3 

1 

0 

6 

1907 

4 

11 

6 

0 

21 

1904 

9 

0 

1 

5 

15 

1905 

36 

9 

34 

22 

101 

1906 

3 

5 

1 

0 

9 

1907 

10 

25 

13 

1 

49 

1904 

15 

0 

5 

11 

31 

1905 

51 

18 

51 

36 

156 

1906 

3 

8 

0 

0 

11 

1907 

33 

41 

52 

6 

132 

1904 

15 

1 

8 

13 

37 

1905 

65 

46 

68 

53 

232 

1906 

8 

11 

1 

2 

22 

1907 

52 

57 

68 

19 

196 

1904 

15 

1 

6 

13 

35 

19U5 

65 

50 

65 

38 

208 

1906 

8 

11 

0 

1 

20 

1907 

55 

55 

70 

19 

199 

1904 

7 

1 

2 

2 

12 

1905 

7 

22 

33 

7 

69 

1906 

0 

4 

0 

0 

4 

1907 

34 

19 

44 

13 

110 

1904 

1 

0 

0 

0 

1 

1905 

0 

0 

1 

0 

1 

1906 

0 

0 

0 

0 

0 

1907 

3 

3 

3 

0 

9 

1904 

0 

0 

1 

1 

2 

1905 

0 

0 

0 

0 

0 

1906 

1 

0 

0 

0 

1 

1907 

1 

0 

0 

0 

1 

1904 

0 

1 

3 

2 

6 

1905 

0 

0 

0 

0 

0 

1906 

1 

2 

1 

0 

4 

1904 

2 

1 

3 

3 

9 

1905 

0 

1 

1 

0 

2 

1906 

1 

4 

2 

0 

7 

1903 

3 

0 

0 

0 

3 

1904 

5 

1 

3 

8 

17 

1905 

0 

1 

1 

0 

2 

1906 

1 

6 

2 

0 

9 

1903 

4 

0 

0 

0 

4 

1904 

7 

4 

5 

7 

23 

1905 

0 

2 

1 

0 

3 

1906 

1 

8 

2 

0 

11 
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TABLE   IV 

Showing  the  data  referring  to  the  five  epidemics  in  Mozuffarnagar  District. 

Number  and  year  Number  of  villages  Total  mortality 

of  epidemic  which  returned  deaths  about 

Ist       1902—3  25  1256 

2nd      1903—4  130  8777 

3rd       1904—5  313  11,867 

4th      1905—6  69  2962 

5th      1906—7  579  34,933 


TABLE  V. 

Showing  month  hy  month  the  number  of  villages  which  reported  plague 
deaths  in  Mozuffarnagar  District. 

Year         Jan.       Feb.     March    April      May       June        July    August     Sept.      Oct.     Nov.       Dec. 

1902  100100000052 

1903  259         15         11  3001257 

1904  11    30    51    91    52    22    4    7    12    19    36    64 

1905  83   100   163   173   150    35    0     1     1     1     5     7 

1906  7    12    29    46    33    6    1    1    1    7    16    35 

1907  77   159   288   438   427   169    7    2    2    5    6    10 


TABLE  VL 

Showing  data  referring  to  the  six  epidemics  in  the  Ainritsar  District. 

Number  and  year  Number  of  villages  Total  mortality 

of  epidemic  which  returned  deaths  about 

1st  1901—02  62  2509 

2nd  1902—03  506  26,181 

3rd  1903—04  445  22,437 

4th  1904—05  669  29,930 

5th  1905—06  276  8535 

6th  1906—07  604  24,503 

TABLE   YIL 

Showing  month  hy  month  the  number  of  villages  which  reported  plague 

deaths  in  Amritsar  District. 

Year         Jan.       Feb.     March    April     May      June       July       Aug.      Sept.       Oct.      Nov.  Dec. 

1  4  46  82 
0  0  2  2 
4  17  37  93 
114  4 

2  5         20  39 


1902 

0 

2 

8 

23 

30 

24 

7    1 

1903 

118 

180 

153 

299 

214 

189 

32     1 

1904 

24 

47 

116 

829 

410 

117 

14     1 

1905 

178 

285 

389 

461 

456 

245 

39     1 

1906 

14 

22 

62 

158 

222 

75 

11     1 

1907        59       118      211      411       480      354        69 
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TABLE   VIII.     {Rohtak  District.) 

Showing  analysis  of  data  referring  to  previous  plague  history  of  villages 

infected  each  epidemic. 


Number  and 
year  of  epi- 
demic 

09 

No.  and  percent- 
age of  villages 
never  before 
infected 

No.  and  percent- 
age of  villages 
infected  in  pre- 
vious epidemic 

No.  and  percent- 
age of  villages 
which  escaped 
infection  for 
one  epidemic 

No.  and  percent- 
age of  villages 
which  escaped 
infection  for 
two  epidemics 

1st      1903—04 

57 

57 
(100  p.c.) 

— ^- 

— 

— 

2nd    1904—05 

285 

241 

(85  p.c.) 

44 
(15  p.c.) 

— 

— 

3rd     1905—06 

30 

4 
(13-3  p.c.) 

26 
(86-7  p.c.) 

— 

— 

4th     1906—07 

249 

52 

26 

164 

7 

(20-9  p.c.) 

(10-4  p.c.) 

(65-9  p.c.) 

(2-8  p.c. 

TABLE    IX.     (Mozuffarnagar  District.) 

Showing  analysis  of  data   referring  to  the  previous  plague  history  of 
villages  infected  each  epidemic. 


I 

e 

s 

1 

»-■ 

O  O 

g-2 

No.  and  percent- 
age of  villages 
never  before 
infected 

No.  and  percent- 
age of  villages 
infected  in  pre- 
vious epidemic 

No.  and  percent- 
age of  villages 
which  escaped 
infection  during 
one  epidemic 

1 

ft' 

a 

1 

age  of  villages] 
which  escaped 
infection  in  two 
epidemics 

No.  and  percent- 
age of  villages 
which  escaped 
infection  in 
three  epidemics 

l8t 

1902—03 

25 

25 
(100  p.c.) 

— 

— 

— 

— 

2nd 

1903—04 

130 

121 
(93  p.c.) 

9 
(7  p.c.) 

— 

— 

— 

3rd 

1904—05 

313 

220 
(70-3  p.c.) 

82 
(26-2  p.c.) 

11 
(3  p.c.) 

— 

— 

4th 

1905—06 

69 

24 
(34 -8  p.c.) 

41 

(59 -4  p.c.) 

4 
(5 -8  p.c.) 

— 

— 

5th 

1906—07 

579 

249 

62 

227 

39 

2 

(43  p.c.) 

(10-7  p.c.) 

(39-4  p.c.) 

(6 

•6  p.c.) 

(0-3  p.c.) 
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TABLE    X.     (Amritsar  District.) 

Showing  analysis  of  data  referring  to  the  previous  plague  history  (f 
villages  infected  eaxih  epidemic. 


S  ^ 

OS  ^ 

asa 

S  S  a> 

1st  1901—02 

2nd  1902—03 

3rd  1903—04 

4th  1904—05 

5th  1905—06 

6th  1906—07 


T3 
0) 

o 

°« 

O  to 
H  ^ 

62 


S  o) 


0) 

SoS-5 

62 
(100  p.c.) 

506  462 

(91-3  p.c.) 

445  149 

(33-5  p.c.) 

669  166 

(24 -8  p.c.) 

276  9 

(3 -3  p.c.) 

604  59 

(9 -8  p.c.) 


is,S,a 


v 


to 


'.So 


44  — 

(8-7  p.c.) 

286  10 

(64-2  p.c.)  (2-3  p.c.) 

345  153 

(51-6  p.c.)  (22-9  p.c.) 

230  26 

(83-3  p.c.)  (9-5  p.c.) 

201  290 

(33-3  p.c.)  (48  p.c.) 


_  >  o)  o  ^ 

i  o'g'B^ 


a>  «  oj       S 


5  °  o  «  s 


c  3 

—   u 

.2  a. 


5  O-r.' 


5  —  — 

(0-7  p.c.) 

10  1  — 

(3-6  p.c.)  (0-3  p.c.) 

31  22  1 

(5-1  p.c.)  (3 -6  p.c.)  (0-2  p.c.) 


TABLE   XL 

Data  referring  to  villages  in  Rohtak  District  infected  in  the  beginning 

of  the  1903 — 04  epidemic. 


No.  of 

Month  when 

village 

Tehsil 

Population 

first  infected 

112 

Bohtak 

9723 

November  '03 

28 

>> 

7824 

>> 

32 

>» 

4191 

>> 

113 

)j 

609 

January  '04 

114 

>) 

519 

j> 

194 

Jhaggar 

2469 

t) 

171 

jj 

3896 

February  '04 

135 

>> 

3602 

)> 

62 

j> 

12,227 

>j 

81 

Sampla 

598 

>> 

Eemarks 


Probably  infected  from  112  in 
immediate  neighbourhood. 


Infected  probably  from  Beri 
neighbourhood. 


N.B.     As  this  was  the  first  epidemic  none  of  these  villages  had  been  previously  infected. 
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TABLE  XII. 

Data  referring  to  villages  in  Roktak  District  infected  at  the  beginning 

of  the  1904 — 05  epidemic. 


So.  of 
tillage 

Tehsil 

Popula- 
tion 

Month  when 

first  infected 

in  1904-05 

epidemic 

Month  when 
last  death 

was 
reported 
in  1903-04 
epidemic 

No.  of 

months 

free 

from 

deaths 

Remarks 

81 

Sampla 

598 

August 

May 

2 

Infected  Feb.— May  04. 

164 

Jhaggar 

531 

J ) 

Nil 

— 

— 

62 

5  1 

12,227 

September 

May 

3 

Infected  Feb.— May  04. 

93 

Sampla 

5316 

!) 

June 

2 

Infected  Mar. — June  04. 

74 

>  > 

5060 

5) 

June 

2 

Infected  Mar. — June  04. 

26 

Gohana 

2343 

>  5 

Nil 

— 

— 

85 

Rohtak 

20,024 

October 

May 

4 

Had  a  few  deaths  Feb. 
—May  04. 

112 

5) 

9723 

J ) 

June 

3 

Infected  Feb.— May  04. 

32 

Jhaggar 

1104 

j> 

May 

4 

Had  a  few  deaths  Ap. — 
May  04. 

76 

Sampla 

286 

>> 

Nil 

— 

— 

53 

Rohtak 

5024 

November 

May 

5 

Few  deaths  Ap. — May04. 

40 

5> 

1931 

J  > 

Nil 

— 

— 

90 

)> 

1173 

5> 

Nil 

— 

— 

135 

Jhaggar 

3602 

5  » 

April 

6 

Few  deathsFeb.  — Ap.04. 

102 

>> 

885 

t  J 

Nil 

— 

— 

94 

Rohtak 

1735 

December 

Nil 

— 

— 

74 

Jhaggar 

1823 

5> 

Nil 

— 

— 

20 

Sampla 

3309 

55 

Nil 

— 

— 

16 

Gohana 

7509 

5) 

Nil 

— 

— 

56 

j> 

485 

55 

Nil 

— 

— 

59  a 

>) 

383 

5» 

Nil 





TABLE   XIIL 

Data  referring  to  villages  in  Rohtak  District  infected  at  the  beginning 

of  the   1905 — 06  epidemic. 


Eemarks 

Only  village  infected  in 
Sampla  Tehsil  in  this 
epidemic. 


No. 
village 

Tehsil 

Popula- 
tion 

Month  when 

first  infected 

in  1905-06 

epidemic 

Month 

when  last 

death  was 

reported 

No.  of 

months 

free 

from 

deaths 

31 

Gohana 

4241 

October 

June  05 

3 

104 

Sampla 

266 

»> 

May  05 

4 

3 

Gohana 

2443 

December 

June  05 

5 

13 

5  5 

3185 

January 

June  05 

6 

21 

Rohtak 

2783 

5  5 

May  05 

7 

112 

5  > 

9723 

55 

May  05 

7 
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TABLE   XIV. 

Data  referring  to  villages  in  Rohtak  District  infected  at  beginning 

of  the  1906 — 07  epidemic. 


No.  of 

village 

Tehsil 

Population 

Month  when 
first  infected  in 
1906-07  epidemic 

Month  when 

last  death 

was  reported 

No.  of 

months  free 
from  deaths 

11 

Kohtak 

5126 

August 

May  06 

2 

17 

Gohana 

5836 

September 

May  05 

15 

31 

j> 

4241 

>> 

June  06 

2 

12 

Sampla 

3765 

»» 

May  05 

15 

32 

>> 

2606 

October 

June  05 

15 

39 

Gohana 

5657 

>» 

June  06 

3 

58 

>> 

1660 

j» 

May  05 

16 

47 

>» 

2470 

November 

May  06 

5 

26 

»» 

2343 

»> 

Jan.  05 

21 

27 

>> 

3247 

December 

May  05 

18 

57 

»> 

1178 

>> 

May  05 

18 

TABLE   XV. 


Data   referring  to   villages   hi  Rohtak    District    in  which    the    infection  was 
probably  carried   over   each   year  from    one    epidemic    to    the    othet 
acute  rat  'plague. 


as 


No.  of 
village 


Tehsil         Population 


Between  1st  and  2nd  epidemics 
81        Sampla  698 


93 
74 
62 


Jhaggar 


112         Rohtak 


5316 

5060 

12,227 

9723 


Months  when 

first  and  last 

deaths  took  place 

in  1st  epidemic 


Feb.— May  04 
Mar. — June  04 
Ap. — June  04 
Feb. — May  04 
Feb.— June  04 


No.  of 

deaths  in 

1st  epidemic 


61 

100 

75 

42 

519 


Month  when 

1st  death 
took  place  in 
2nd  epidemic 


August  04 
Sept.  04 
Sept.  04 
Sept.  04 
Oct.  04 


No.  of 
months  free 
from  deaths 


Between  2nd  and  3rd  epidemics  : 

31         Gohana  4241 

104         Sampla  266 

Between  3rd  and  4th  epidemics  : 

11        Rohtak  5126 

31         Gohana  4241 

39  ,,  5657 


May — June  05 
Ap. — May    05 


Ap.— May  06 
May — June  06 
Ap. — June  06 


31 
5 


13 
55 
32 


Oct.  05 
Oct.  05 


Aug.  06 
Sept.  06 
Oct.  06 
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TABLE   XVI. 

Data  referring  to  villages  in  Mozuffarnagar  District  infected  at  the 
beginning  of  the  epidemic  of  1903 — 04. 


Name 


Popula- 
tion 


Kadargarh  618 

Mozuffarnagar  23,444 
Khatauli  8695 

Sandholi  418 

Mukimpur  2668 

Kailaoda  Kalan   2140 


Naola 

Titawa 

Jauli 

Khandla 

Sarai 

Barsu 

Pipalhera 

Nagli 

Jansath 

Kukra 


3752 
1192 
2579 
11,563 
2752 
1457 
1184 
542 
6507 
3205 


Thana 
ThanaBawan 
Mozuffarnagar 
Khatauli 

Meranpur 
Khatauli 


Bhopa 

Khandla 

Khatauli 


Jansath 
Shahpur 


Month 
when 
infection 
began 

Sept.  03 
Oct.  03 

Nov.  03 


Dec.  03 


Jan.  04 


Month  when 
last  pre- 
vious death 
occurred 

Nil 
June  03 


Nil 
Nil 
May  03 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 


No.  of 

months 
free 


Kemarks 


Only  1  case  in 
ep.  of 1902-03. 


TABLE   XVIL 

Data  referring  to  villages  in  Mozuffarnagar  District  infected  at  the 
beginning  of  the  epidemic  of  1904 — 05. 


Month  when 

Month  when 

last  pre- 

No. of 

Popula- 
tion 

infection 

vious  death 

months 

Name 

Thana 

began 

occurred 

free 

Remarks 

Tijalhera 

2385 

Purkazi 

July  04 

June  04 

0 

— 

Belra 

1809 

Bhopa 

>> 

>» 

0 

— 

GiannaMazra 

790 

Charthawal 

>j 

Nil 

— 

— 

Arnaki 

167 

)» 

>  > 

Nil 

— 

— 

Meranpur 

7209 

Meranpur 

Aug.  04 

June  04 

1 

Only  1  death  in 

Jandheri 

1019 

Jansath 

)> 

Nil 

— 

Aug.  04. 

Goela 

3098 

Shahpur 

j> 

Nil 

— 

— 

Harsauli 

3069 

Titawi 

j> 

Nil 

— 

— 

Rani 

1753 

Charthawal 

> ) 

Nil 

— 

— 

Pur 

6384 

Purkazi 

Sept.  04 

May  04 

3 

Only  2  deaths 

Tisa 

3384 

Bhopa 

>> 

June  04 

2 

in  Sept.  04. 

Chaurawala 

1543 

u 

J) 

Nil 

— 

— 

Kethora 

2668 

Meranpur 

it 

April  04 

4 

Only  2  deaths 

Chandam 

471 

Jansath 

1) 

Nil 

— 

in  April  04. 

Kalyanpur 

830 

Shahpur 

j» 

Nil 

— 

— 

Bitanda 

2663 

Budhana 

>  > 

April  03 

17 

— 

Bhukarheri 

6316 

Bhopa 

Oct.  04 

Nil 

— 

— 

Murahlpur 

3 

>> 

)  > 

Nil 

— 

— 

Barkara 

1220 

>> 

fi 

Nil 

— 

— 

Karehra 

1220 

>» 

99 

Nil 

— 

— 

Kanarhen 

527 

Charthawal 

9  9 

Nil 

— 

— 

Rasulpur  Khurd    418 

Meranpur 

yy 

April  04 

5 

Only  1  death  in 

April  04. 

Antwara 

1721 

Jansath 

tt 

» ) 

5 

Ditto. 

Basayach 

889 

>» 

>» 

Nil 

— 

— 

Karthal 

1823 

Budhana 

)) 

May  03 

17 

— 

Mandoli 

313 

>> 

it 

April  03 

18 

— 
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TABLE   XVIII. 

Data  referring  to  villages  in  Mozuffarnagar  District  infected  at  the 
beginning  of  the  epidemic  of  1905 — 06. 


Name 

Popula- 
tion 

Thana 

Month  when 

infection 

began 

Month  when 

last  pre- 
vious death 
occurred 

No.  of 

months 

free 

Kemarks 

Jansath 

6507 

Jansath 

Aug.  05 

May  05 

2 

— 

Loi 

7095 

Kandhla 

Oct.  05 

Nil 

— 

— 

Kutesra 

3565 

Charthawal 

Nov.  05 

Mar.  05 

7 

— 

Kamhera 

1197 

Jansath 

j> 

)» 

— 

Only  1  death  in 
1904—05. 

Balla  Mazra 

771 

Chausana 

»> 

April  05 

— 

Only  2  deaths 
in  1904-05. 

Bhuma 

1893 

Meranpur 

It 

May  05 

— 

Only  1  death  in 
1905—06. 

Dathera 

1245 

Chausana 

Dec.  05 

April  05 

— 

Ditto. 

Shamli 

7478 

Shamli 

» 

June  05 

5 

— 

Karnali 

1078 

»j 

n 

Nil 

— 

— 

Mustgarh 

359 

Thanabhawan 

Jan.  06 

Nil 

— 

— 

Harsauli 

3069 

Titawi 

>T 

May  05 

— 

Only  1  death  in 
1904—05. 

Balwa 

2503 

Shamli 

Feb.  06 

Mar.  05 

— 

Ditto. 

Lank 

3863 

5» 

>> 

June  04 

19 

— 

Mandwara 

607 

Budhana 

5> 

Nil 

— 

— 

Nirmani 

877 

Titawi 

>> 

Nil 

— 

— 

Ghesu  Khera 

571 

Charthawal 

>» 

Jan.  05 

— 

Only  1  death  in 

Pura 

805 

Khatauli 

»» 

Nil 

— 

1905—06. 

Gadla 

1767 

Bhopa 

>» 

Jan.  05 

12 

— 

Bhu  Karheri 

6316 

5  5 

>> 

Feb.  05 

11 

— 
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TABLE   XIX. 

Data  referring  to  villages  in  Mozuffarnagar  District  infected  at  the 
beginning  of  the  epidemic  of  1906 — 07. 


Month  when 


Month  when 

last  pre- 

No. of 

Popula- 

infection 

vious  death 

months 

Name 

tion 

Thana 

began 

occurred 

free 

Remarks 

Kandla 

11,563 

Kandla 

July  06 

May  06 

1 

1  death  in  July. 
1  death  in  Aug. 
7  deaths  in  Nov. 

Easauli 

1323 

Charthawal 

Sept.  06 

55 

— 

Only  1  death  in 
1906—07. 

Rasnlpur 

851 

Shahpur 

Oct.  06 

•    April  04 

29 

— 

Nizarapur 

299 

Khatauli 

55 

Nil 

29 

— 

Meranpur 

7209 

Meranpur 

»» 

April  04 

17 

— 

Wu/irabad 

669 

Bhopa 

55 

Feb.  05 

19 

— 

Cbachrauli 

871 

>> 

55 

Nov.  04 

22 

— 

Yiisafpnr 

824 

»> 

55 

Nil 

22 

— 

Chaurawala 

1543 

>i 

55 

May  06 

4 

— 

Alavarpur 

552 

Shahpur 

Nov.  06 

Nil 

4 

— 

Baghrli 

4935 

Titawi 

55 

May  05 

17 

— 

M.  Nagar 

23,444 

M.  Nagar 

55 

June  06 

4 

— 

Clmnd})ur 

1109 

5  5 

55 

May  06 

5 

— 

Bilaspur 

1390 

>» 

'5 

Feb.  05 

20 

— 

Khojahera 

999 

Jansath 

55 

May  05 

17 

— 

Sikri 

3026 

Bhopa 

55 

May  06 

5 

— 

Jauli 

2579 

55 

55 

June  06 

4 

— 

Pur 

6384 

Purkazi 

55 

May  05 

17 

—r- 

Garhi-Hasanpur  1461 

Chausana 

55 

May  05 

17 



Toda 

800 

5  5 

Dec.  06 

Nil 

— 



Bhikki-Mazra 

487 

Shamli 

»> 

May  05 

17 



Al^lernagar 

1939 

Titawi 

55 

Mar.  05 

20 



Kanami 

2508 

5  5 

»5 

May  05 

18 



Mflkhyali 

1851 

M.  Nagar 

)) 

Feb.  05 

21 

' 

Dhudhera 

872 

55 

55 

Nil 

— 



Khatauli 

3695 

Khatauli 

55 

Mar.  05 

20 



Taha 

1214 

Jansath 

55 

May  06 

— 

Only   1  death, 

Pahi 

520 

55 

»» 

May  05 

18 

May  06. 

Malialki 

1365 

55 

t) 

April  05 

19 

— 

Antnara 

1721 

55 

»» 

5  5 

19 

— 

Jansath 

6507 

55 

55 

June  06 

5 

— 

Chitaura 

1762 

55 

55 

May  06 

6 

— 

Karandah 

1349 

5  5 

55 

Nil 

— 

— 

Kethora 

2668 

Meranpur 

55 

Mar.  05 

18 

— 

Gadl)i-Rasulpur  418 

5  5 

55 

Nil 

— 

— 

Mukimpur 

2668 

5  5 

55 

Feb.  05 

21 

— 

Kakranli 

3985 

Bhopa 

55 

5  5 

21 

— 

Teora 

2699 

5  » 

55 

June  06 

— 

Only  1  death, 

Berah-Sadnt 

1522 

55 

55 

Feb.  05 

21 

May  05—06. 

Bhoapur 

676 

55 

55 

Nil 

— 

— 

Malpura 

635 

55 

55 

Nil 

— 

— 

Kbudda 

2441 

Purkazi 

55 

May  04 

30 

— 

Harainti 

519 

55 

55 

Nil 

_— . 

— 

Lakhnanti 

300 

5  5 

)  } 

Nil 



___ 

Aterna 

1304 

Budhana 

55 

Nil 

— 

— 
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TABLE   XX. 


Data  referring  to  villages  in  Mozuffarnagar  District  in  which  the  infection 
ivas  probably  carried  over  from  one  epidemic  to  another  as  acute  rat 
plague. 


Name 

Thana 

Popula- 
tion 

Months  when 

first  and  last 

deaths  took  place 

in  1st  epidemic 

No.  of 

deaths 

in  1st 

epidemic 

Month  when 
first  death 
took  place 

in  2nd 
epidemic 

No.  of 

months 

free 

from 

deaths 

Mozuffarnagar 

M.  Nagar 

23,444 

Feb.— June  03 

25 

Oct.  03 

3 

Khatauli 

Khatauli 

8695 

Mar.  — June  03 

4 

Oct.  03 

3 

Tijalhera 

Purkazi 

2385 

April— Julj  04 

120 

Aug.  04 

0 

Belra 

Bhopa 

1809 

May— July  04 

68 

Aug.  04 

0 

Meranpur 

Meranpur 

7209 

Mar. — June  04 

151 

Aug.  04 

1 

Pur 

Purkazi 

6384 

Mar.— May  04 

279 

Sept.  04 

3 

Tisa 

Bhopa 

3384 

April — June  04 

29 

Sept.  04 

2 

Jansath 

Jansath 

6507 

Jan. — May  05 

146 

Aug.  05 

2 

Kandla 

Kandla 

11,563 

April— May  06 

52 

July  06 

1 
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TABLE   XXL 

Data  referring  to  villages  in  Amritsar  District  injected  at  beginning 

of  1902 — 03  epidemic. 


Month  when 

Month  of 

No.  of 

Popula- 

became 

last  pre- 

months 

No. 

Tehsil 

tion 

infected 

vious  death 

free 

Remarks 

113 

Amritsar 

162,429 

Aug.  02 

July  02 

0 

Amritsar  City 

24 

1525 

Oct.  02 

June  02 

3 

3  deaths,  May 

17 

5  ) 

6490 

>» 

Nil 

— 

—June  02. 

144 

Ajnala 

429 

»9 

Nil 

— 

— 

110 

Amritsar 

990 

Nov.  02 

Nil 

— 

— 

38 

9f 

317 

>> 

Nil 

— 

— 

202 

}> 

230 

>» 

Nil 

— 

— 

175 

)> 

288 

»» 

Nil 

— 

— 

42 

99 

407 

»» 

Nil 

— 

— 

222 

99 

868 

>9 

Nil 

— 

— 

60 

99 

946 

9» 

Nil 

— 

— 

138 

9  9 

307 

9> 

Nil 

— 

— 

16 

9  9 

958 

M 

Nil 

— 

— 

143 

99 

1470 

July  02 

3 

— 

63 

9  9 

1700 

?) 

3 

1      death      in 

109 

1323 

99 

Nil 

— 

Nov.  02. 

39 

J  9 

1090 

99 

Nil 

— 

1      death      in 
July  02. 

171 

9  9 

1144 

June  02 

4 

— 

201 

9  9 

1966 

Nil 

— 

— 

239 

99 

1076 

»9 

Nil 

— 

— 

67 

9  9 

1019 

99 

Nil 

— 

— 

176 

99 

1863 

>« 

Nil 

— 

— 

64 

9  9 

1117 

»9 

Nil 

— 

— 

65 

99 

1826 

99 

Nil 

— 

— 

169 

9  9 

1959 

99 

Nil 

— 

— 

27 

99 

5029 

99 

Nil 

— 

— 

64 

99 

1130 

99 

Nil 

— 

— 

46 

Tarn-Tarn 

1114 

>> 

June  02 

4 

— 

28 

99 

1628 

99 

Nil 

— 

— 

42 

99 

2208 

>9 

June  02 

4 

— 

49 

>» 

2440 

July  02 

3 

— 

80 

99 

1742 

Nil 

— 

— 

41 

9> 

4161 

99 

Nil 

— 

— 

165 

9  J 

331 

>9 

Nil 

— 

— 

121 

>  > 

1067 

99 

Nil 

— 

— 

150 

9  > 

3206 

>9 

Nil 

— 

— 

100 

99 

930 

99 

Nil 

— 

— 

33 

»9 

518 

99 

Nil 

— 

— 

120 

9  > 

4428 

99 

Nil 

— 

— 

146 

Ajnala 

564 

99 

Nil 

— 

— 

270 

9  9 

2439 

99 

Nil 

— 

— 

145 

99 

1514 

99 

Nil 

— 

— 

162 

99 

1166 

>9 

Nil 



— 

180 

9  t 

405 

Nil 





161 

J> 

954 

»» 

Nil 

— 

— 

162  A 

>> 

349 

J» 

Nil 

— 

— 
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TABLE  XXIL 

Data  referring  to  villages  in  Amritsar  District  infected  at  the 
beginning  of  1903 — 04  epidemic. 


\ 


No. 

Tehsil 

Popula- 
tion 

Month  when 
became 
infected 

Month  of 
last  pre- 
vious death 

No.  of 

months 

free 

Remarks 

713 

Amritsar 

162,429 

Aug.  03 

July  03 

0 

— 

63 

»> 

1700 

Nov.  03 

Nov.  02 

11 

1  case  in  Nov.  02, 

258 

Ajnala 

2179 

>» 

April  03 

6 

— 

57 

Amritsar 

1500 

Jan.  04 

June  03 

6 

— 

143 

jj 

1470 

>» 

Jan.   03 

11 

— 

83 

j> 

878 

»> 

June  03 

6 

— 

40 

»> 

1868 

>> 

May    03 

7 

— 

196 

>> 

1600 

>» 

June  02 

18 

— 

262 

>» 

3029 

>> 

May   03 

7 

— 

136 

5) 

258 

>» 

Nil 

— 

— 

146 

J> 

5817 

>> 

June  03 

6 

— 

236 

>> 

916 

>> 

April  03 

8 

— 

268 

>> 

1158 

>» 

May  03 

7 

— 

216 

>> 

2494 

a 

June  03 

6 

— 

89 

»J 

3709 

If 

April  03 

8 

— 

176 

5J 

1863 

>> 

Feb.    03 

10 

— 

138 

Tarn-Tarn 

801 

»> 

May  03 

7 

— 

264 

5J 

4343 

>> 

June  03 

6 

— 

323 

>) 

1846 

>> 

Nil 

— 

— 

41 

>> 

4161 

>» 

Feb.   03 

10 

— 

67 

>  > 

1597 

)t 

Mar.  03 

9 

— 

120 

>» 

4428 

»> 

April  03 

8 

— 

311 

)1 

3654 

>) 

Nil 

— 

— 

392 
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TABLE   XXIII. 

Data  referring  to  villages  in  Amritsar  District  infected  at  the 
beginning  of  1904 — 05  epidemic. 


No. 

Tehsil 

Popula- 
tion 

Month  when 
became 
infected 

Month  of 
last  pre- 
vious death 

No.  of 

months 

free 

Kemarks 

1 

Amritsar 

263    ' 

Aug.  04 

June  03 

13 

2  deaths  only  in 

167 

>  > 

715 

Sept.  04 

Nil 

— 

Aug., 

,  1  death  in 

25 

»5 

637 

>» 

Nil 

— 

Sept. 

261 

>> 

1033 

>» 

May   03 

15 

— 

189 

Tarn-Tarn 

730 

»» 

Nil 

— 

— 

57 

Amritsar 

1500 

Oct.  04 

May   04 

4 

— 

306 

j> 

524 

>> 

Nil 

— 

— 

292 

>> 

1776 

s» 

Nil 

— 

— 

103 

>  > 

867 

>» 

April  04 

5 

— 

102 

5> 

209 

ii 

Nil 

— 

— 

317 

J> 

1062 

a 

June  04 

3 

— 

308 

>> 

843 

>> 

Feb.    03 

19 

— 

291 

J> 

430 

a 

Nil 

— 

— 

142 

Tarn-Tarn 

2107 

9> 

June  04 

3 

— 

241 

j> 

792 

>> 

June  03 

15 

— 

243 

>> 

3538 

9) 

May    03 

16 

— 

31 

>> 

238 

>> 

May  04 

4 

— 

159 

>> 

1513 

») 

June  04 

3 

— 

210 

Ajnala 

1891 

}) 

July  03 

14 

— 

146 

j» 

1514 

?  J 

May  04 

4 

— 

100 

Amritsar 

1517 

Nov.  04 

June  03 

16 

— 

163 

>> 

1411 

fi 

June  03 

16 

— 

327 

5> 

1143 

>> 

Nil 

— 

— 

267 

>> 

1011 

)) 

June  03 

16 

— 

116 

>> 

639 

»> 

Nil 

— 

— 

78 

>> 

1470 

>> 

May  04 

5 

— 

77 

>> 

611 

j> 

June  03 

16 

— 

288 

>> 

1073 

») 

June  04 

4 

— 

276 

J> 

1772 

>> 

June  04 

4 

— 

343 

>> 

1062 

»» 

June  04 

4 

— 

32 

>> 

502 

>> 

Nil 

— 

— 

176 

>  > 

1863 

»» 

April  04 

6 

— 

51 

Tarn-Tarn 

326 

»> 

June  03 

16 

— 

l'.)0 

>  > 

220 

>) 

May   03 

17 

— 

269 

>> 

3400 

>» 

May   04 

5 

— 

230 

>» 

247 

a 

June  03 

16 

— 

66 

>> 

1090 

a 

June  04 

4 

— 

226 

>» 

3291 

a 

June  03 

16 

— 

67 

>> 

1597 

>» 

May  04 

5 

— 

215 

>> 

2737 

>> 

June  03 

16 

— 

85 

»» 

1201 

>» 

May  04 

5 

2  deaths  in  May 

273 

»» 

581 

») 

Nil 

— 

04. 
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TABLE   XXIV. 


Data  referring  to  villages  in  Amritsar  District  infected  at  the 
beginning  of  1905 — 06  epidemic. 


No. 

Tehsil 

Popula- 
tion 

Month  when 
became 
infected 

Month  of 
last  pre- 
vious death 

No.  of 

months 

free 

Remarks 

113 

Amritsar 

162,429 

Aug. 

05 

July   05 

0 

— 

700 

»» 

1517 

Nov. 

05 

Mar.  05 

7 

— 

60 

>  > 

946 

5> 

May   04 

17 

— 

59 

>> 

154 

55 

May   04 

17 

1  death  in  May  04. 

175 

55 

238 

Jan. 

06 

April  05 

8 

— 

71 

55 

1794 

55 

April  05 

8 

— 

249 

5  5 

1306 

55 

May   05 

7 

- — 

159 

5  5 

533 

55 

Mar.  05 

9 

— 

72 

55 

1520 

55 

April  05 

8 

— 

86 

55 

1829 

55 

June  05 

6 

— 

78 

55 

1470 

55 

Mar.  05 

9 

— 

57 

Tarn-Tarn 

1177 

5  5 

Feb.    05 

10 

— 

66 

55 

1090 

55 

July   05 

5 

— 

69 

55 

469 

5  5 

May  04 

19 

— 

113 

55 

2463 

5  5 

May   05 

7 

1  death  in  Jan.06. 

59 

55 

1433 

55 

July  05 

5 

— 

96 

Amritsar 

1602 

Feb. 

06 

June  05 

6 

._ 

275 

55 

2431 

5> 

Mar.  05 

9 

_ 

201 

55 

432 

55 

May  05 

7 

— 

261 

55 

1033 

55 

Mar.  05 

9 

— 

111 

5» 

1364 

55 

June  05 

6 

— 

288 

55 

1520 

55 

April  05 

8 

— 

37 

55 

2830 

>> 

June  04 

18 

— 

42 

Tarn-Tarn 

2208 

JS 

June  04 

18 



287 

Ajnala 

763 

5» 

June  05 

6 

— 

109 

55 

692 

>» 

April  05 

8 

1  death  in Feb.06. 

Journ.  of  Hyg.  x 


26 


394 


Spread  of  Plague 


TABLE   XXV. 

Data  referring  to  villages  in  Amritsar  District  infected 
beginning  of  1906 — 07  epidemic. 


at  the 


Month  when 

Month  of 

No.  of 

No. 

Tehsil 

Popula- 
tion 

became 
infected 

last  pre- 
vious death 

months 
free 

Remarks 

113 

Amritsar 

162,429 

Aug.  06 

July  06 

0 

Last     death 

291 

430 

Sept.  06 

Dec.  04 

20 

25. 8. 06,  then 

235 

Tarn-Tarn 

979 

>> 

June  06 

2 

in  Jan.  07. 

123 

2303 

Oct.  06 

June  05 

15 

— 

183 

Ajnala 

843 

>» 

May   03 

40' 

— 

165 

i ) 

323 

5> 

Nil 

—— 

~ 

43 

Amritsar 

1479 

Nov.  06 

May  05 

17 

— ■ 

57 

) ) 

1500 

Nov.  04 

Dec.   04 

22 

— 

322 

)> 

1835 

a 

Feb.   05 

20 

— 

69 

}} 

993 

}> 

June  05 

16 

— 

302 

j» 

734 

>> 

May  06 

5 

— 

38 

)  9 

511 

j» 

April  04 

30 

— 

78 

>» 

1470 

i9 

April  06 

6 

— 

72 

Tarn-Tarn 

1298 

a 

April  05 

18 

— 

147 

Ajnala 

773 

»» 

Nil 

— 

— 

5 

) ) 

1209 

»» 

May   04 

29 

1  death  in  1906 

181 

>> 

943 

>» 

May   05 

17 

—07. 

213 

)) 

775 

tt 

May  03 

41 

— 

113 

«) 

957 

*> 

May  05 

17 

— • 

245 

) ) 

3198 

») 

June  05 

16 

— 

183  A 

5> 

843 

>» 

May   03 

41 

— 

124 

Amritsar 

436 

Dec.  06 

April  05 

19 

— 

325 

2090 

)) 

June  06 

5 

— 

312 

)) 

2110 

>» 

May   06 

6 

1  death  in  1906 

284 

>> 

692 

»» 

April  05 

19 

—07. 

96 

u 

1602 

»> 

May  06 

6 

— 

279 

J> 

1664 

j» 

July  06 

4 

— 

143 

)) 

1470 

a 

May  05 

18 

— 

240 

»» 

234 

»» 

May   05 

18 

— 

229 

?  J 

1779 

»» 

June  06 

5 

— 

318 

)J 

897 

>> 

May  05 

18 

2  deaths  inDec. 

123 

>1 

321 

>» 

Nil 

— 

no   more    till 

101 

>> 

1346 

•> 

June  06 

5 

April. 

41 

»> 

319 

»> 

May  06 

6 

— 

341 

>> 

1119 

♦  » 

June  06 

5 

— 

26 

,, 

5029 

>» 

May    05 

18 

— 

206 

Tarn-Tarn 

951 

»f 

Feb.  05 

21 

— 

200  A 

1  1 

1407 

»• 

June  06 

5 

— 

21 

Ajnala 

374 

»» 

May   05 

18 

2  deaths  only 

162 

»> 

1166 

»» 

May   05 

18 

in  1906—07. 

161 

1 ) 

383 

)» 

Nil 

— 

— 

273 

>» 

4511 

>> 

June  06 

6 

— 

245  a 

5> 

3198 

»» 

June  04 

29 

— 

181a 

>> 

298 

>» 

May   05 

18 

— 
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TABLE   XXVI. 

Data  referring  to  villages  in  Amritsar  District   in  which  tJie  injection  was 
probably  carried  over  from  one  epidemic  to  another  as  acute  rat  plague. 


No. 

Tehsil 

Popula- 
tion 

Months  when 

first  and 

last  deaths 

took  place  in 

1st  epidemic 

No.  of 

deaths  in 

1st  epidemic 

Month  when 

first  death 

took  place  in 

2nd  epidemic 

No.  of 

months 

free 

from 

deaths 

113 

Amritsar 

162,429 

Feb.— July  02 

82 

Aug.  02 

0 

24 

>> 

1525 

May — June  02 

3 

Oct.    02 

3 

143 

5> 

1470 

April— July  02 

35 

Nov.  02 

3 

63 

55 

1700 

July  02 

2 

Nov.  02 

3 

49 

Tarn-Tarn 

2440 

May— July  02 

14 

Dec.  02 

3 

113 

Amritsar 

162,429 

Aug.  02,  July  03 

460 

Aug.  03 

0 

317 

55 

1062 

May — June  04 

3 

Oct.   04 

3 

142 

Tarn-Tarn 

2107 

April — June  04 

25 

Oct.   04 

3 

159 

55 

1513 

April — June  04 

13 

Oct.    04 

3 

113 

Amritsar 

162,429 

Jan. — July  05 

1073 

Aug.  05 

0 

113 

55 

162,429 

Aug.  05,  July  06 

1903 

Aug.  06 

0 

235 

Tarn-Tarn 

979 

May — June  06 

15 

Sept.  06 

2 

26—2 


TABLE   XXVII. 


Data  referring  to  villages  in  Rohtak  District  infected  in  the 
epidemic  of  1903 — 04. 


Details  of  in 

fection 

Details  of  next  subsequent 

of  1903- 

04 

infection 

No.  of 

Months  during 

-\ 

Months  during 

free 

No.  of 

Popula- 

which deaths 

No,  of 

which  deaths 

No.  of 

from 

village 

Tehsil 

tion 

were  returned 

deaths 

were  returned 

deaths 

deaths 

100 

Bohtak 

1032 

Feb. — May 

31 

Nil 

Nil 

— 

186 

Jhaggar 

210 

May 

1 

Nil 

Nil 

— 

71 

»» 

384 

April — May 

8 

Nil 

Nil 

— 

109 

»> 

361 

Mar, — May 

8 

Nil 

Nil 

— 

78 

>> 

767 

Mar, — May 

54 

Nil 

Nil 

— 

14 

i» 

419 

May 

1 

Nil 

Nil 

— 

95 

Rohtak 

1934 

Mar, — May 

121 

Jan,— May  05 

156 

7 

99 

)> 

1193 

Mar. — June 

30 

April — June  05 

54 

9 

93 

•     „ 

363 

March 

1 

April  05 

3 

— 

35 

Sampla 

2231 

Mar, — May 

175 

Mar. — June  05 

137 

9 

134 

Jhaggar 

296 

June 

1 

Mar,— April  05 

18 

— 

140 

>> 

231 

May 

2 

Jan.  05 

4 

— 

10 

n 

637 

Mar,— May 

9 

April — May  05 

20 

10 

153 

>> 

572 

Mar. — April 

20 

April — May  05 

16 

11 

75 

>) 

645 

May— June 

23 

April — May  05 

31 

9 

171 

>> 

3896 

Feb,— May 

108 

Mar.— May  05 

101 

9 

135 

)l 

3602 

Feb, — April 

13 

Nov,  04— Mar,  05 

160 

6 

194 

>» 

2469 

Jan.— Feb. 

8 

April— ^June  05 

84 

13 

93 

»» 

956 

March 

1 

April — June  05 

36 

— 

155 

It 

327 

Mar. — May 

23 

April  05 

53 

10 

81 

Sampla 

598 

Feb.  —May 

61 

Aug,— Sept,  04 

12 

2 

113 

Rohtak 

609 

Jan. — May 

26 

April — May  05 

38 

10 

107 

»> 

4279 

Feb, — June 

204 

April— May  05 

19 

9 

108 

»» 

4076 

Mar. — July 

296 

Jan. — May  05 

21 

5 

96 

»» 

663 

April 

16 

Mar.— May  05 

60 

10 

15 

)> 

511 

Feb.— April 

62 

April— May  05 

50 

11 

65 

II 

1285 

Mar,— May 

25 

Mar,— April  05 

39 

9 

32 

11 

4191 

Nov. — May 

333 

Feb,— May  05 

315 

8 

33 

n 

759 

Feb.— May 

24 

April — June  05 

18 

10 

31 

II 

2463 

Mar.— June 

180 

Mar,— June  05 

162 

8 

53 

II 

5024 

April — May 

15 

Nov,  04— Mar.  05 

98 

5 

28 

II 

7824 

Nov, — Dec, 

6 

Jan,— May  05 

441 

12 

49 

l> 

4074 

Jan, 

1 

Jan, — May  05 

208 

— 

68 

)> 

1865 

May 

1 

Mar, — May  05 

139 

— 

31 

Sampla 

2164 

April 

1 

Jan, — June  05 

199 

— 

74 

II 

5060 

April — June 

75 

Sept,  04— June  05 

334 

2 

12 

II 

3765 

March 

1 

Jan.— Mar.  05 

224 

— 

95 

II 

706 

April — May 

13 

Feb,— April  05 

29 

8 

68 

n 

1887 

April 

3 

Jan, — May  05 

117 

— 

83 

Gohana 

4013 

April 

1 

April — May  05 

31 

— 

161 

Jhaggar 

1432 

March 

1 

Mar,— May  05 

90 

— 

60 

»> 

1031 

April 

3 

Feb.— May  05 

43 

— 

62 

5» 

12,227 

Feb,— May 

42 

Sept.- Dec,  04 

274 



112 

Rohtak 

9723 

Nov,— June 

525 

Oct.  04— May  05 

208 

3 

85 

>> 

20,024 

Feb, — May 

12 

Oct.  04— May  05 

900 

4 

35 

>> 

7640 

Mar, — June 

262 

Jan. — May  05 

265 

6 

21 

M 

3783 

March 

1 

April — May  05 

71 

— 

93 

Sampla 

53 IG 

Mar. — June 

100 

Sept.  04     June  05 

324 

2 

29 

Gohana 

1035 

May — June 

31 

April — May  05 

38 

9 

32 

Jhaggar 

1104 

April — May 

6 

Oct.  04— June  05 

59 

4 

128 

>> 

603 

April 

1 

April  07 

1 

— 

18 

>> 

1298 

Nov. 

1 

Mar. — April  07 

2 



62 

Sampla 

1415 

April 

1 

Feb.— May  07 

91 



72 

»> 

766 

April— May 

3 

May  07 

15 



98 

Rohtak 

1494 

June 

1 

April — June  07 

32 



63 

Jhaggar 

702 

Feb. 

1 

April — June  07 

26 



114 

Rohtak 

519 

Jan. — Mar. 

47 

April— May  07 

5 

35 
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TABLE   XXVIII. 

Shows  the  period  during  the  epidemic  of  1904 — 05  in  which  31  villages 
in  Rohtak  District  infected  the  previous  epidemic  first  reported  plague 
deaths. 

1904  1905 


Aug. 

Sept. 

Oct. 

Nov. 

Dec! 

Jan. 

Feb. 

Mar. 

April 

May 

Number  of  villages  infected 
in  1903—04  in  which  deaths 
were  returned  in  1904 — 05. 

1 

3 

3 

2 

0 

4 

2 

5 

11 

0 

Total    number    of    villages 
which  returned  deaths  each 
month. 

2 

6 

9 

17 

23 

63 

101 

156 

232 

208 

TABLE   XXIX. 

Shows  the  interval  for  which  31  villages  in  Rohtak  District  infected  in  the 
epidemics  of  1903 — 04  and  1904 — 05  did  not  report  plague  deaths. 

Number  of  months  in  which  no  plague  deaths  were  returned 


1  2  3  4  5  6  7  8  9         10         11         12         13 

Number  of  villages         0322221375211 
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TABLE   XXX. 


Data 

referring  to  villages  in 

Rohtak 

District  infected 

in 

epidemic  of 

1905— 

06. 

Tehsil 

Popula- 
tion 

Details  of  infection  of  1905—06 

Details  of  infection  of  1906—07 

No.  of 

m  on  \\\  ^ 

No.  of 
village 

Months  during 
which  deaths 
were  returned 

No.  of 
deaths 

Months  during 
which  deaths 
were  returned 

No.  of 

deaths 

free 
from 
deaths 

2 

Gohana 

2209 

April— May  06 

110 

May— June  07 

64 

10 

12 

>» 

1205 

Feb.— May  06 

172 

May — June  07 

23 

11 

45 

)) 

1291 

Feb.— April  06 

53 

March— May  07 

117 

10 

79 

)> 

1720 

March— April  06 

17 

April — June  07 

116 

11 

83 

Eohtak 

4727 

April— May  06 

3 

Jan. — May  07 

266 

— 

16 

Gohana 

7509 

April — June  06 

195 

Feb.— June  07 

609 

7 

33 

J  J 

1521 

March— May  06 

68 

March — May  07 

175 

9 

47 

>> 

2470 

April — May  06 

39 

Nov.  06— May  07 

177 

5 

3 

KoLtak 

2948 

April— May  06 

6 

April — July  07 

93 

10 

15 

Gohana 

4068 

Feb.— May  06 

258 

March— June  07 

265 

9 

3 

II 

2443 

Dec.  05— April  06 

68 

May— June  07 

26 

12 

31 

»» 

4241 

May— June  06 

55 

Sept.  06— July  07 

897 

2 

49 

5  > 

4568 

Feb.— May  06 

337 

Feb.— June  07 

258 

8 

39 

Eohtak 

3838 

April  06 

4 

Feb.— May  07 

135 

— 

39 

Gohana 

5057 

April — June  06 

32 

Oct.  06— July  07 

245 

3 

11 

Eohtak 

5126 

April— May  06 

13 

Aug.  06— June  07 

234 

2 

48 

Gohana 

4115 

May  06 

11 

Feb.— May  07 

274 

8 

80 

»> 

2245 

May  06 

8 

March— April  07 

174 

9 

13 

»> 

3185 

Jan.— March  06 

35 

April — June  07 

206 

10 

112 

Eohtak 

9723 

Jan.— May  06 

257 

March— June  07 

65 

9 

85 

j> 

20,024 

April— May  06 

3 

Feb.— June  07 

463 

— 

93 

Sampla 

5316 

April  06 

1 

Feb.— June  07 

416 

— 

35 

Eohtak 

7640 

Feb.— May  06 

9 

March— June  07 

49 

10 

29 

Gohana 

1035 

Jan.  06 

2 

April — June  07 

17 

— 

32 

Jhaggar 

1104 

April  06 

1 

April — May  07 

43 

— 

21 

Eohtak 

3783 

Jan.— March  06 

29 

March — June  07 

574 

11 

11 

Jhaggar 

645 

April— May  06 

5 

Nil 

— 

— 

94 

Eohtak 

1735 

April— May  06 

38 

Nil 

— 

— 

106 

J5 

1214 

May  06 

4 

Nil 

— 

— 

104 

Sampla 

266 

Oct.  05— Feb.  06 

82 

Nil 

— 

— 

TABLE   XXXI. 

Shows  the  period  duririg  the  epidemic  of  1906 — 07  in  which  20  villages 
in  Rohtak  District  infected  the  previous  epidemic  first  reported  plague 
deaths. 

1906 


1907 

A 


Number  of  villages  infected 
in  1905 — 06  in  which  deaths 
were  returned  in  1906 — 07. 

Total  number  of  villages 
which  returned  deaths  each 
month. 


Aug. 
1 


Sept. 
1 


Oct. 
1 


Nov. 
1 


Dec. 
0 

11 


Jan. 
0 


Feb. 
3 


Mar. 


April 
3 


May 
3 


21       49       132       198       199 
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TABLE  xxxir. 


Shows  the  interval  Jor  which  20  villages  in  Rohtak  District  infected  in  the 
epidemics  of  1905 — 06  and  1906 — 07  did  not  report  plague  deaths. 


Number  of  villages 


Number  of  months  in  which  no  plague  deaths  were  returned 

^ .^_ 

3  4  5  6  7  8  i 


10 

5 


11 
3 


13 

0 


TABLE   XXXIII. 

Data  referring  to  villages  in  Mozuffarnagar  District  injected  in  1902 — 03 
epidemic  as  regards  subsequent  infection. 


Popula- 
tion 

Thana 

r 

Details  of  infection  of  1902—03 

^> 

Details  of  next  infection 

, -^ > 

Dates  of  first                 No.  of 
and  last  deaths              deaths 

No.  of 

months 

free 

Name 

Dates  of  first 
and  last  deaths 

No.  of 
deaths 

Chandan 

97 

Purkazi 

30. 

4.  03—  1.  5.  03 

3 

Nil 

— 

— 

Yarpur 

882 

Thana- 
Bhavan 

22. 

3.  03—28.  3.  03 

3 

Nil 

— 

— 

Sitheri 

441 

Budhana 

5. 

4.  03—  5.  4.  03 

1 

Nil 

— 

— 

Mandkali 

644 

)5 

4. 

11.02—28.  4.  03 

59 

3. 

10.  04—14.  10.  03 

10 

17 

Atawa 

1445 

»  J 

10. 

2.  03—10.  2.  03 

1 

5. 

11.04—15.11.04 

15 

20 

Barkali 

561 

J  > 

29. 

11.  02—29. 11.  02 

1 

1, 

,  5.  07—  7.  5.  07 

15 

53 

Kherichangaim 

779 

Jansath 

10. 

5.  03—10.  5.  03 

1 

12. 

5.  07—27.  5.  07 

19 

47 

Tagain 

681 

Khatauli 

14. 

4.  03—  8.  5.  03 

70 

6. 

2.  04—10.  2.  04 

9 

8 

Chand-Samand 

1163 

5? 

21. 

4.  03—27.  4.  03 

1 

29. 

3.  04—  7.  4.  04 

27 

10 

Budma-Kalan 

1742 

Titavi 

12. 

3.  03—12.  3.  03 

1 

30. 

2.  05—13.  5.  05 

32 

23 

Basehra 

4497 

Purkazi 

16. 

4.  03—  8.  6.  03 

69 

12. 

3.  05—31.  5.  05 

172 

20 

Kadargarh 

618 

Thana- 
Bhavan 

16. 

9.  03—16.  9.  03 

1 

2. 

1.  05—18.  3.  05 

15 

15 

Majahadpur 

1113 

Khatauli 

10. 

4.  03—  2.  5.  03 

16 

14. 

1.  05—15.  2.  05 

57 

19 

Budhana 

6664 

Budhana 

7. 

3.  03—  7.  3.  03 

1 

21. 

5.  05—  4.  6.  05 

199 

25 

Bitanda 

2663 

J  J 

22. 

11.02—26.  4.  03 

279 

1. 

9.  04—  3.  11.  04 

30 

16 

Chandheri 

694 

5» 

29. 

11.  02-^29.  11.  02 

2 

9. 

5.  05—13.  5.  05 

16 

29 

Kurthal 

1823 

>> 

7. 

4.  03—12.  5.  03 

46 

1. 

10.  04—12.  10.  04 

7 

16 

Baroda 

2754 

>J 

4. 

11.  02—  4. 11.  02 

1 

25. 

4.  05—11.  6.  05 

203 

28 

Khatauli 

8695 

Khatauli 

13. 

3.  03—10.  6.  03 

11 

23. 

10.  03—  6.  4.  04 

305 

3 

Ladpur 

855 

5J 

12. 

4.  03—12.  4.  03 

1 

8. 

2.  04—29.  2.  04 

37 

9 

Kalanda-Kalan 

2140 

»  > 

22. 

4.  03—30.  5.  03 

2 

14. 

11.  03—20.  11.  03 

4 

5 

Meranpur 

7209 

Meranpur 

26. 

2.  03—26.  5.  03 

150 

31. 

3.  04-  8.  6.  04 

151 

9 

Kheri-Sarai 

1443 

» J 

18. 

4.  03—23.  5.  03 

23 

18. 

4.  04—21.  4.  04 

2 

10 

Amarpur 

2294 

Shahpur 

10. 

4.  03—29.  5.  03 

21 

11. 

3.  04—  8.  5.  04 

46 

9 

M.  Nagar           23,444 

M.  Nagar 

21. 

2.  03—11.  6.  03 

25 

25. 

10.03—23.  4.  04 

331 

3 
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TABLE   XXXIV. 


Shovnng  the  interval  during  which  11  villages  in  Mozuffarnagar  District 
infected  in  1902 — 03  and  again  in  1903 — 04  or  subsequent  epidemic 
did  not  report  plague  deaths. 


Number  of  months  during  which  no  plague  deaths  were  returned 


_-A_ 


123456789  10         11    12  &  over 

Number  of  villages        00        2        000012105 


TABLE   XXXV. 

Showing  the  period  during  the  epidemic  of  1903 — 04  in  which  6  villages 
in  Mozuffarnagar  District  infected  the  previous  epidemic  first  reported 
plague  deaths. 

1903  1904 


r 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

April    May 

Number  of  villages  infected 
in  1902—03. 

0 

0 

2 

0 

0 

0 

1 

2 

1          0 

Total    number   of   villages 
which  returned  deaths. 

0 

0 

2 

5 

7 

11 

30 

51 

91      52 

1 
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TABLE   XXXVI. 

Data  referring  to  villages  in  Mozuffarnagar  District  infected  in   1905 — 06 

as  regards  subsequent  infection. 


Details  of  infection  in  1905—06 


Details  of  next  infection 


Name 

Popula- 
tion 

Thana 

Dates  of  first 
and  last  deaths 

No.  of~^ 
deaths 

Dates  of  first 
and  last  deaths 

No.  of^ 
deaths 

No.  of 

months 
free 

M.  Nagar 

23,444 

M.  Nagar 

8. 

3.  06—11.  6. 

06 

112 

5.  11.06—23. 

5. 

07 

480 

4 

Maulaheri 

915 

5  5 

21. 

3.  06—27.  4. 

06 

9 

21.  3.  07—19. 

4. 

07 

36 

10 

Chandpur 

1109 

J> 

4. 

4.  06—20.  5. 

06 

12 

30.  11.  06—  3. 

2. 

07 

41 

5 

Pinna 

2853 

Titawi 

22. 

4.  06     24.  4. 

06 

3 

26.  3.  07—18. 

6. 

07 

135 

10 

Saidpurah 

308 

>> 

22. 

4.  06-22.  4. 

06 

1 

8.  2.  07—  6. 

3. 

07 

26 

9 

Harsauli 

3069 

>> 

21. 

1.  06—23.  4. 

06 

208 

25.  3.  07—23. 

5. 

07 

348 

10 

Bodhena  Kurd 

1046 

»» 

16. 

3.  06—13.  4. 

06 

32 

8.  3.  07—  5. 

4. 

07 

53 

10 

Nirmani 

1315 

J  5 

11. 

2.  06—11.  2. 

06 

1 

5.  4.  07—24. 

5. 

07 

141 

13 

Ghesa  Khera 

571 

Charthawal 

4. 

2.  06—  4.  2. 

06 

1 

Nil 

— 

— 

Kutesra 

3565 

»> 

5. 

11.05—23.  1. 

06 

140 

8.  3.  07—  5. 

6. 

07 

273 

13 

Debchand 

557 

>> 

3. 

5.  06—  3.  5. 

06 

1 

5.  5.  07—12. 

5. 

07 

12 

11 

Kasauli 

1323 

>5 

9. 

4.  06—11.  5. 

06 

36 

20.  9.  06—20. 

9. 

06 

1 

3 

Jauli 

2579 

Bhopa 

27. 

3.  06—  5.  6. 

06 

53 

10.11.06—21. 

5. 

07 

103 

4 

Belra 

1809 

51 

22. 

3.  06—  6.  6. 

06 

100 

24.  1.  07—17. 

5. 

07 

128 

6 

Teora 

2699 

»5 

10. 

6.  06—10.  6. 

06 

1 

1.  12.  06—  1. 

12, 

,06 

1 

5 

Bhukareri 

6316 

J> 

8. 

2.  06—13.  5. 

06 

356 

20.  2.  07—23. 

5. 

07 

295 

8 

Sikri 

3026 

>> 

6. 

5.  06—23.  5. 

06 

24 

7. 11.  06—24. 

4. 

07 

47 

5 

Gadla 

1767 

5» 

3. 

2.  06—  9.  5. 

06 

105 

4.  3.  07—15. 

5. 

07 

117 

9 

Chaurawala 

1543 

5> 

15. 

5.  06—23.  5. 

06 

4 

21. 10.  06—  5. 

11 

.06 

16 

4 

Allahabas 

282 

5J 

4. 

3.  06—  4.  3. 

06 

1 

Nil 

— 

— 

Shamli 

7478 

Shamli 

24. 

12.05—17.  5. 

06 

96 

5.  2.  07—  7. 

6. 

07 

239 

8 

Karmali 

1078 

5» 

10. 

12.  05—  5.  4. 

06 

59 

17.  1.  07—28. 

3. 

07 

86 

8 

Lank 

3863 

J> 

10. 

2.  06—  9.  5. 

06 

190 

28.  2.  07—  3. 

6. 

07 

206 

8 

Balra 

2503 

n 

10. 

2.  06—28.  5. 

06 

180 

3.  4.  07—  3. 

5. 

07 

162 

10 

Bhaju 

2563 

» J 

12. 

4.  06—12.  4. 

06 

4 

22.  3.  07—  3. 

6. 

07 

218 

10 

Lilohan 

1765 

»> 

17. 

3.  06—17.  3. 

06 

1 

Nil 

— 

— 

Karandah 

1471 

»> 

5. 

4.  06—  5.  4. 

06 

1 

27.  4.  06—  7. 

6. 

07 

128 

11 

Chaunsa 

1088 

») 

22. 

3.  06—22.  3. 

06 

4 

30.  5.  07—30. 

5. 

07 

1 

13 

Bauchra 

738 

j> 

5. 

5.  06—25.  5. 

06 

30 

23.  5.  07—  5. 

6. 

07 

38 

11 

Kheri 

2212 

»> 

2. 

4.  06—  2.  4. 

06 

5 

15.  5.  07—  3. 

6. 

07 

38 

12 

Bahri 

2438 

M 

14. 

3.  06—  5.  6. 

06 

98 

3.  3.  07—  2. 

6. 

07 

224 

8 

Haranwara 

1581 

Thana- 
Bhavan 

15. 

3.  06—25.  4. 

06 

47 

28.  3.  07—13. 

5. 

07 

123 

10 

Mustgarh 

359 

>> 

21. 

1.  06—23.  1. 

06 

6 

13.  4.  07—  6. 

5. 

07 

50 

14 

Thanabhawan 

8861 

) ) 

24. 

4.  06—12.  5. 

06 

13 

13.  2.  07—  7. 

6. 

07 

719 

8 

Bhatu 

356 

Jhinjhana 

1. 

4.  06—28.  4. 

06 

13 

28.  5.  07—  3. 

6. 

07 

12 

12 

Bela  Mazra 

771 

Chausana 

10. 

11.  05—13.  12 

.05 

11 

27.  3.  07—  8. 

5. 

07 

134 

14 

Dathera 

1245 

>» 

13. 

12.  05—13. 12 

.05 

1 

7.  4.  07—  8. 

6. 

07 

32 

15 

Kairana 

19,304 

Kairana 

19. 

4.  06—25.  4. 

06 

2 

14.  2.  07—13. 

6. 

07 

2136 

9 

Gogwan 

1158 

>> 

28. 

4.  06—28.  5. 

06 

32 

7.  5.  07—21. 

6. 

07 

67 

11 
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TABLE   XXXVI  {continued). 


Details  of  infection  in  1905—06 


Details  of  next  infection 


Name 

Popula- 
tion 

Thana 

. -^- 

Dates  of  first 
and  last  deaths 

No.  of 

deaths 

Dates  of  first 
and  last  deaths 

No.  of 
deaths 

No.  of 

months 
free 

Bharu 

2694 

Kairana 

28.  5.  06—28.  5. 

06 

2 

13. 

4.  07—  3.  6. 

07 

189 

10 

Jansath 

6507 

Jansath 

13.  8.  05—11.  6. 

06 

90 

1. 

12.  06—  8.  5. 

07 

268 

5 

Talra 

1214 

>> 

19.  4.  06—  1.  5. 

06 

2 

21. 

12.  06—  3.  5. 

07 

169 

6 

Kawal 

4268 

>  > 

17.  3.  06—29.  5. 

06 

117 

25. 

1.  07—  5.  5. 

07 

295 

7 

Chitaura 

1762 

5  > 

24.  4.  06—15.  5. 

06 

23 

23. 

12.06—  4.  6. 

07 

101 

6 

KheriFerozabad    983 

J) 

28.  3.  06—20.  5. 

06 

31 

25. 

4.  07—  8.  6. 

07 

145 

10 

Nagla  Mubarik      538 

>) 

17.  4.  06—19.  5. 

06 

19 

28. 

4.  07—  3.  5. 

07 

21 

10 

Kamehra 

1197 

»  1 

3.11.05—15.  1. 

06 

53 

14. 

2.  07—13.  5. 

07 

171 

12 

Khihvara 

416 

»> 

20.  3.  06—  5.  5. 

06 

41 

28. 

2.  07—  8.  3. 

07 

20 

8 

Bera  Asa 

1349 

>> 

14.  4.  06—23.  4. 

06 

2 

23. 

4.  07—  3.  6. 

07 

48 

11 

Baupara 

1341 

Khatauli 

6.  4.  06—20.  4. 

06 

31 

7. 

4.  07—  3.  6. 

07 

166 

11 

Pur  Bahani 

4489 

5> 

2.  3.  06—16.  5. 

06 

128 

3. 

4.  07—30.  5. 

07 

247 

10 

Pur  a 

805 

>  > 

2.  2.  06—31.  5. 

06 

127 

15. 

1.  07—  7.  6. 

07 

80 

7 

Sandhera 

1881 

Meranpur 

9.  4.  06—  6.  5. 

06 

59 

2. 

3.  07—  3.  4. 

07 

85 

9 

Tiraula 

1286 

» J 

17.  5.  06—28.  5. 

06 

18 

4. 

3.  07—  7.  4. 

07 

58 

9 

Bhuma 

1892 

>  J 

17.  11.  05—17.  11. 

,05 

1 

27. 

1.  07—  3.  6. 

07 

204 

13 

Mandwara 

607 

Budhana 

4.  2.  06—14.  3. 

06 

54 

1. 

3.  07—  7.  5. 

07 

146 

11 

Warli 

804 

>» 

23.  3.  06—21.  4. 

06 

27 

28. 

5.  07—28.  5. 

07 

2 

12 

Bahsana 

201 

11 

28.  3.  06—26.  4. 

06 

52 

23. 

4.  07—  3.  6. 

07 

24 

11 

Habibpur 

825 

»> 

30.  3.  06—  8.  4. 

06 

24 

22. 

4.  07—12.  5. 

07 

47 

11 

Sarai 

1148 

»> 

30.  3.  06—12.  5. 

06 

40 

19. 

4.  07—  3.  6. 

07 

49 

10 

Tanda  Mazra 

1086 

>> 

5.  4.  06—14.  5. 

06 

38 

8. 

4.  07—  3.  6. 

07 

48 

10 

Kandhla 

11,563 

Kandhla 

14.  4.  06—25.  5. 

06 

52 

20. 

7.  06—14.11. 

,06 

9 

1 

Phagana 

3236 

)  > 

11.  5.  06—11.  5. 

06 

2 

6. 

6.  07—  6.  6. 

07 

2 

12 

Rampur  Kheri 

698 

>> 

13.  4.  06—13.  4. 

06 

6 

Nil 



__ 

Gujarpur 

328 

>» 

21.  4.  06—21.  4. 

06 

3 

Nil 





Ailani 

3796 

>> 

24.  4.  06—27.  4. 

06 

8 

Nil 



__ 

Khandrauli 

2815 

>> 

11.  5.  06—11.  5. 

06 

4 

15. 

5.  07—17.  6. 

07 

36 

11 

Garhi  Ram 

1957 

> » 

19.  3.  06—  5.  4. 

06 

20 

Nil 

— 

— 

Loi 

1905 

>> 

30.  10.  05—11. 12. 

05 

22 

16. 

3.  07—  7.  6. 

07 

114 

14 
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TABLE   XXXVII. 

Showing  the  interval  in  months  daring  7vhiGh  53  villages  in  Moz^iffarnagar 
District  infected  in  1905 — 06  and  again  in  1906 — 07  did  not  report 
plague  deaths. 

Number  of  months  01         23456789         10        11       12  &  over 

Number  of  villages         0100333274       13       8  9 


TABLE   XXXVIIL 

Showing  the  period  during  the  epidemic  of  1906 — 07  in  which  53  villages 
in  Mozuff'arnagar  District  infected  in  the  previous  epidemic  first  returned 
plague  deaths. 


1906 

. ^ 

July  Aug.  Sept.  Oct.  Nov. 

Dec. 

1907 

Jan. 

Feb. 

Mar.     April    May 

June 

Number  of  villages  infected 
in  1905—06. 

10       0       14 

3 

5 

7 

13          12          6 

1 

Total    number    of    villages 
which  returned  deaths. 

1       1       1       7     16 

35 

77 

159 

288      438     427 

109 

TABLE   XXXIX. 

Data  of  future  plague  infection    of  villages  in  Rohtak  District  infected  at 

the  end  of  each  epidemic. 


No.  of 
village 

Tehsil 

Popula- 
tion 

No.  of 

deaths  during 

epidemic 

Month  when 
last  death 
took  place 

Date  when 
next  infected 

No.  of 
months  free 
from  deaths 

A. 

End  of  epidemic  of  1903—04. 

108 

Eohtak 

4076 

296 

July  04 

Jan. 

05 

5 

35 

7640 

262 

June  04 

Jan. 

05 

6 

31 

2463 

180 

Mar. 

05 

8 

99 

1193 

30 

April 

05 

9 

107 

4279 

204 

April 

05 

9 

112 

9723 

519 

Oct. 

04 

3 

29 

Gohana 

1035 

31 

April 

05 

9 

93 

Sarapla 

5316 

100 

Sept. 

04 

2 

74 

'J 

5060 

75 

Sept. 

04 

2 

75 

Jhaggar 

645 
B. 

23 

End  of  epidem 

ic  of  1904—05. 

April 

05 

9 

79 

Rohtak 

1686 

16 

June  05 

Mar. 

07 

20 

33 

759 

18 

Mar. 

07 

20 

31 

2463 

162 

April  07 

21 

23 

413 

15 

Nil 

— 

39 

3838 

154 

April  06 

9 

3 

2948 

83 

April 

06 

9 

35 

200 

20 

NU 

— 
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TABLE   XXXIX    (continued). 


No.  of 
village 

Tehsil 

Popula- 
tion 

No.  of 

deaths  during 

epidemic 

Month  when 
last  death 
took  place 

Date  when 
next  infected 

No.  of 
months  free 
from  deaths 

B.     End 

of  epidemic  of  1904 — 05  [continued). 

30 

Gohana 

3327 

231 

»» 

Mar.    07 

20 

82 

it 

1928 

112 

>> 

April  07 

21 

33 

a 

1521 

110 

)) 

Mar.   06 

8 

47 

>» 

2470 

100 

>j 

April  06 

9 

21 

»» 

1296 

76 

it 

Feb.    07 

19 

15 

it 

4068 

20 

>» 

Feb.    06 

7 

3 

»» 

2443 

23 

)i 

Jan.    06 

6 

31 

)» 

4241 

31 

»» 

April  06 

9 

6 

>» 

3310 

452 

>> 

Feb.    07 

19 

28 

a 

330 

28 

>> 

Feb.    07 

19 

74 

»» 

1923 

15 

*> 

Mar.   07 

20 

78 

)> 

930 

106 

j> 

June  07 

23 

66 

»» 

1467 

28 

>> 

April  07 

21 

36 

»> 

2735 

148 

»» 

Mar.   07 

20 

32 

>> 

1113 

26 

>» 

April  07 

21 

11 

5> 

1191 

78 

>) 

Nil 

— 

65 

>» 

1623 

19 

»> 

April  07 

21 

67 

>> 

3133 

187 

)> 

Mar.    07 

20 

64 

>> 

2034 

211 

)> 

April  07 

21 

4 

5) 

2415 

121 

M 

April  07 

21 

48 

)> 

4115 

332 

>5 

Mar.  06 

8 

13 

Gohana 

3185 

61 

June  05 

Jan.    06 

6 

19 

Sampla 

1431 

176 

July 

April  07 

20 

33 

Jhaggar 

4006 

39 

June 

May    07 

22 

181 

>> 

974 

72 

>* 

Nil 

— 

19 

>> 

927 

2 

»» 

Nil 

— 

144 

>  > 

1181 

61 

»» 

Nil 

— 

32 

j> 

1104 

47 

»» 

April  07 

21 

194 

>> 

2469 

84 

>> 

Nil 

— 

93 

>> 

956 
C. 

36 
End  of  epidem 

ic  of  1905—06. 

Nil 

83 

Eohtak 

4727 

3 

May 

Jan.    07 

7 

35 

>  > 

7640 

9 

»> 

Mar.   07 

9 

94 

>> 

1735 

38 

>> 

Nil 

— 

11 

>» 

5126 

13 

>> 

Jan.    07 

7 

106 

>> 

1214 

4 

»> 

Nil 

— 

3 

5  ) 

2948 

6 

j> 

April  07 

10 

112 

'> 

9723 

257 

>» 

Mar.   07 

9 

16 

Gohana 

7509 

195 

June 

Feb.    07 

7 

2 

>» 

2209 

110 

)> 

May    07 

10 

31 

»> 

4241 

55 

)» 

Sept.  06 

2 

39 

»> 

5657 

32 

> » 

Oct.    06 

3 

11 

Jhaggar 

645 

5 

May 

Nil 

— . 
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TABLE   XL. 

Data  referring  to  villages  in  Mozuffarnagar  District  infected  at 
the  end  of  each  epidemic. 


Name 

Popula- 
tion 

Thana 

No.  of 

deaths 

during 

epidemic 

Month 
in  which 
last  death 

occurred 

Date  when 

next  infected, 

month  of 

first  death 

No.  of 

months 

free 

I. 

1902—1903. 

Mozuffarnagar 

23,444 

M,  Nagar 

25 

June  03 

Oct. 

03 

3 

Basera 

4497 

Purkazi 

69 

a 

Mar. 

05 

20 

Khatauli 

8695 

Khatauli 

4 

>» 

Oct. 

03 

3 

Amarpur 

2294 

Shahpur 

21 

May  03 

Mar. 

04 

9 

Chandan 

97 

Purkazi 

3 

>> 

Nil 

— 

Tigain 

681 

Khatauli 

70 

)> 

Feb. 

04 

8 

Majahadpur 

1113 

)> 

16 

>» 

Jan. 

05 

19 

Meranpur 

7209 

Meranpur 

150 

>) 

Mar. 

04 

9 

Kheri-Sarai 

1443 

j> 

23 

»» 

April 

04 

10 

Kailavda  Kalan 

2140 

Khatauli 

1 

>» 

Nov. 

03 

5 

Karthal 

1823 

Budhana 
II. 

46 
1903—1904. 

»> 

Oct. 

04 

17 

Tijalhera 

2385 

Purkazi 

120 

June  04 

July 

04 

0 

Gadla 

1767 

Bhopa 

2 

a 

Jan. 

05 

6 

Belra 

1809 

»j 

68 

»> 

July 

04 

0 

Berahthra 

1061 

>) 

25 

}> 

May 

07 

34 

Tisa 

3384 

j> 

29 

)9 

Sept. 

04 

2 

Tandhera 

1881 

Meranpur 

72 

J> 

Mar. 

05 

8 

Sambalhera 

2329 

>> 

93 

}) 

Nov. 

04 

4 

Meranpur 

7209 

j» 

151 

)f 

Aug. 

04 

1 

Nayagind 

1020 

>> 

2 

)> 

Mar. 

07 

32 

Katka 

830 

Jansath 

5 

»> 

Jan. 

05 

6 

Kambera 

1197 

i> 

40 

» 

Nov. 

05 

16 

Mubarik 

538 

5> 

26 

)) 

April  06 

21 

Kawal 

4268 

>» 

209 

)> 

Nov. 

04 

4 

Pal 

477 

»> 

4 

>> 

Feb. 

07 

31 

Mahalki 

1365 

J> 

40 

?» 

Mar. 

05 

8 

Ahrora 

484 

5> 

38 

}> 

Mar. 

05 

8 

Gangdheri 

1085 

Khatauli 

10 

}> 

Jan. 

07 

30 

Kilaoda  Kalan 

2140 

J  J 

2 

>> 

Dec. 

04 

5 

Sudhan 

510 

j> 

5 

)) 

Mar. 

05 

8 

Lank 

3863 

Shamli 

263 

>> 

Feb. 

06 

19 

Balva 

2503 

J5 

63 

»> 

Nov, 

04 

4 

Purbalin 

4489 

Khatauli 
TTT. 

67 
1904—1905. 

» 

Dec. 

04 

5 

Eahkra 

1425 

Bhopa 

34 

June  05 

Feb. 

07 

19 

Badharwala 

343 

M.  Nagar 

1 

a 

May 

07 

22 

Medpur 

221 

>> 

1 

}) 

Nii 

L 

— 
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TABLE   XL   {continued). 


No.  of 

Month 

Date  when 

deaths 

in  which 

next  infected, 

No.  of 

Popula- 
tion 

during 

last  death 

month  of 

months 

Name 

Thana 

epidemic 

occurred 

first  death 

free 

III.     1904- 

-1905  {continued). 

Sherpur 

1156 

M.  Nagar 

2 

June  05 

Mar.  07 

20 

Nirana 

680 

>> 

20 

Mar.  07 

20 

Jaranda 

1744 

J  J 

26 

April  07 

21 

Berahasa 

1349 

Jansath 

3 

April  06 

9 

Sekberi 

1207 

>> 

5 

Feb.    07 

19 

Mahmmadpur 

600 

Khatauli 

5 

April  07 

21 

Satheri 

1828 

5> 

33 

Feb.   07 

19 

Sohangni 

1827 

»» 

100 

April  07 

21 

Karandah 

1532 

Titawi 

32 

Nil 

— 

Jafarpur 

756 

Thanabhawan      26 

Feb.  07 

19 

Jalabad 

6822 

?> 

319 

Jan.   07 

18 

Nogal 

276 

J) 

7 

April  07 

21 

Chirdeka 

509 

)  J 

23 

April  07 

21 

Babri 

2438 

Shamli 

276 

Mar.  06 

8 

Banat 

3590 

5» 

256 

Mar.  07 

20 

Titaauli 

1180 

5> 

156 

Mar.  07 

20 

Shamli 

7478 

>» 

149 

Dec.   05 

5 

Kaserwa  Khurd 

914 

5> 

47 

May    07 

22 

Phagana 

3236 

Kandhla 

30 

May   06 

10 

Gangani 

6401 

5) 

157 

Mar.  07 

20 

Parasauli 

2198 

5  J 

114 

Nil 

— 

Kharar 

3385 

Budhana 

143 

April  07 

21 

Bari 

1199 

>> 

25 

Nil 

— 

Raipur 

552 

1  5 

54 

Nil 

— 

Jaula 

4691 

)» 

163 

May   07 

22 

Budhana 

6664 

>» 

199 

Jan.    07 

18 

Baranda 

2754 

5> 

203 

April  07 

21 

Karthal 

1823 

>  J 

81 

April  07 

21 

Atawa 

1445 

5> 

96 

Nil 

— 

Nagwa 

1859 

>> 

114 

Nil 

— 

Kairana 

19,804 

Kairana 

94 

April  06 

9 

Un 

4502 

Jhanjnana 

272 

April  07 

21 

Belra 

1809 

Bhopa 

100 

Jauli 

2579 

>} 

53 

Teora 

2699 

j> 

1 

JansHth 

6507 

Jansath 

69 

MozufTarnagar 

23,444 

M.  Nagar 

112 

Bahori 

2323 

Shamli 

96 

IV.     1905—1906. 

June  06 


Jan. 

07 

6 

Nov. 

06 

4 

Dec. 

06 

5 

Dec. 

06 

5 

Nov. 

06 

4 

Mar. 

07 

8 
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TABLE   XLI. 

Data  referring  to  villages  in  the  Amritsar  District  infected 
at  the  end  of  each  epidemic. 


No. 

Tehsil 

No.  of 
deaths  in 
epidemic 

Epidemic 

Month  when 

last  death 

occurred 

of  1001—1902. 

Month  when 

next  death 

occurred 

Months 

remained 

free 

57 

Amritsar 

42 

July  02 

April  03 

8 

143 

j> 

35 

>> 

Jan.    03 

5 

63 

>j 

2 

»» 

Nov.  03 

U 

241 

j> 

6 

)* 

May   03 

9 

113 

j> 

249 

>» 

Aug.   02 

0 

49 

Tarn-Tarn 

14 

«> 

Nov.  02 

3 

64 

5» 

70 

j» 

Feb.    03 

6 

170 

Amritsar 

130 

June  02 

Jan.    03 

6 

130 

» 

12 

>» 

May   03 

10 

171 

it 

41 

»> 

May  08 

10 

86 

»» 

25 

>» 

Jan.   03 

6 

196 

a 

50 

>» 

Jan.    04 

18 

145 

5» 

21 

»> 

April  04 

21 

311 

9» 

140 

»> 

May    03 

10 

142 

»9 

31 

>> 

Jan.    07 

54 

77 

>) 

53 

>» 

Nov.  04 

27 

24 

J> 

3 

>j 

Feb.    04 

19 

97 

Tarn -Tarn 

27 

>> 

Mar.  03 

8 

213 

j» 

4 

»» 

April  03 

9 

34 

»> 

3 

>» 

April  04 

21 

46 

)> 

14 

»> 

Nov.  02 

4 

42 

>> 

2 

>» 

Nov.   02 

4 

19 

>> 

19 

»> 

April  04 

21 

67 

»j 

6 

»» 

Jan.    03 

6 

100 

>» 

7 
Epidemic 

of  1902—1908. 

April  04 

21 

189 

Amritsar 

20 

July  03 

Nil 

— 

213 

»i 

15 

>> 

April  04 

8 

210 

a 

12 

>» 

April  04 

8 

219 

>> 

13 

»> 

June  04 

10 

164 

» 

30 

»> 

Dec.    04 

16 

266 

J» 

40 

>> 

Jan.    05 

17 

334 

}> 

10 

>» 

Jan.    05 

17 

200 

)) 

20 

>» 

Feb.    05 

18 

253 

>> 

40 

>> 

Jan.    05 

17 

27 

»> 

40 

»> 

Feb.   04 

6 

137 

>> 

32 

)> 

Dec.    04 

16 

288 

>) 

26 

>) 

May   04 

9 

342 

>> 

25 

>> 

Feb.   05 

18 

113 

j> 

293 

>> 

Aug.   03 

0 
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TABLE   XLI    {continued). 


No.  of 

Month  when 

Month  when 

Months 

deaths  in 

last  death 

next  death 

remained 

No. 

Tehsil 

epidemic 

occurred 

occurred 

free 

Epidemic  of  1902—1903  {continued) 

323 

Tarn-Tarn 

27 

July  03 

Mar.  04 

7 

315 

)) 

185 

Mar.   05 

19 

233 

i) 

30 

Feb.    05 

18 

190 

J 1 

195 

April  04 

8 

178 

Ajnala 

29 

Dec.    04 

16 

257 

j> 

50 

Dec.    04 

16 

160 

11 

10 

Jan.    05 

17 

56 

If 

25 

April  05 

20 

295 

>> 

25 

April  05 

20 

281 

>> 

100 

April  05 

20 

244 

>) 

3 

Nil 

— 

210 

>» 

70 

Oct.    04 

14 

276 

a 

25 

May    07 

45 

161 

>> 

55 

>» 

May    04 

9 

131 

>> 

35 

>> 

Dec.    04 

16 

114 

M 

8 

»» 

May    04 

9 

244-273 

>> 

90 

»» 

Mar.   04 

7 

267 

ii 

20 

Epidemic 

of  1903—1904. 

Nil 

232 

Amritsar 

ill 

July  04 

Feb.    05 

6 

311 

)i 

326 

Dec.    04 

4 

5 

»i 

88 

Mar.   05 

7 

113 

»> 

1103 

Jan.    05 

5 

17 

>> 

233 

Jan.    05 

5 

112 

Tarn-Tarn 

135 

Feb.    05 

6 

42 

>> 

244 

April  05 

8 

143 

)> 

48 

*) 

Nil 

— 

240 

*f 

1 

Mar.   05 

7 

196 

>> 

85 

Mar.   05 

7 

270 

Ajnala 

138 

i> 

May    05 

9 

100 

»» 

62 

May    07 

33 

63 

it 

16 

»> 

Mar.    07 

31 

91 

ti 

29 

Epidemic 

of  1904—1905. 

April  07 

32 

287 

Amritsar 

134 

July  05 

April  06 

8 

113 

»> 

1073 

1* 

Aug.    05 

0 

17 

>» 

86 

*« 

April  06 

8 

5 

Tarn-Tarn 

101 

*> 

Mar.   06 

7 

142 

j> 

117 

ti 

April  07 

20 

267 

It 

88 

>> 

June   06 

10 

800 

»» 

107 

>» 

April  07 

20 

241 

i» 

24 

»> 

Mar.   07 

19 
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TABLE    XLT    {continued). 

No.  of               Month  when  Month  when  Months 

deaths  in  last  death  next  death  remained 

No.  Tehsil  epidemic  occurred  occurred  free 

Epidemic  of  1904 — 1905  {continued). 

243  Tarn- Tarn  18  July  05  Mar.  07  19 

264  „  256  „  May    06  9 

321  „  140  „  Nil  — 

286  ,,  95  „  Feb.    07  18 

66  „  214  „  Jan.    06  6 

59  „  9  „  NU  — 

281  „  77  „  Jan.    07  17 

23  „  26  „  Nil  — 

150  ,,  175  „  April  07  20 

240  „  144  „  Nil  — 

319  „  47  „  May   06  9 

64  „  165  „  May    06  9 

254  „  159  „  April  07  20 

268  „  86  „  June  06  10 
311  „  278  „  April  06  8 

76  ,,  5  „  April  06  8 

179  „  213  „  Mar.  07  19 

326  „  35  „  Feb.    07  18 

26  Ajnala  213  „  Mar.  07  19 

269  „  54  „  April  07  20 

295  „  58  „  Feb.    07  18 
81  „        .  90  „  April  07  20 

303  ,,  52  „  April  07  20 

267  „  130  „  Feb.    07  18 

206  „  16  „  Nil  — 

262  „  87  „  April  07  20 

226  „  12  „  April  07  20 

309  „  86  „  April  07  20 

161  „  70  „  Mar.   07  19 

251  „  86  „  May    07  21 

235  „  11  „  Nil  — 

Epidemic  of  1905—1906. 

279  Amritsar  25  July  06  Dec.    06  4 

160  „  1  ,,  Feb.    07  6 

232  „  70  „  Feb.    07  6 

262  „  113  „  Nil  — 

311  „  202  „  Mar.  07  7 

296  „  9  „  Nil  — 
5  ,,  39  „  Jan.    07  5 

113  ,,  1863  „  Aug.   06  0 

17  ,,  30  „  Jan.    07  6 

225  „  113  „  April  07  8 

197  Ajnala  11  „  Jan.    07  5 

Journ.  of  Hyg.  x  27 
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TABLE   XLII. 

Showing  the  interval  of  freedom  from  plague  deaths  enjoyed  hy  villages  in 
Rohtak  District  which  were  still  infected  at  the  end  of  the  different  epidem^ics. 

Number  of  months  during  which  no  plague  deaths  were  returned 

, A 


0123456789         10        11       12  &  over 
1903—04. 

Number  of  villages       0021011014      —      —  — 

1904—05. 

Number  of  villages       0000002124        0        0  20 

1905—06. 

Number  of  villages        0011000302        2—  — 


TABLE   XLIII. 

Showing  the  interval  of  freedom  from  plague  deaths  enjoyed  by  villages  in 
the  Mozuffarnagar  District  which  were  still  infected  at  the  end  of  the 
different  epidem/tcs. 

Number  of  mouths  during  which  no  plague  deaths  were  returned 


01234567         89       10       11       12  &  over 
1902—03. 

Number  of  villages  000201001210  3 

1903_04. 

Number  of  villages  211031204000  8 

1904—05. 

Number  of  villages  000001001210  23 

1905—06. 

Number  of  villages  000022101000  0 
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TABLE   XLIV. 

Showing  the  interval  of  freedom  from  plague  deaths  enjoyed  by  villagea  in 
the  Amritsar  District  tvhich  were  still  injected  at  the  end  of  the 
different  epidemics. 

Number  of  months  during  which  no  plague  deaths  were  returned 


0123456789        10        11        12  &  over 
1901—02. 

Number  of  villages  100121402230  9 

1902—03. 
Number  of  villages  100000123310  18 

1903—04. 
Number  of  villages  000012      231100  3 

1904—05. 
Number  of  villages  100001014320  21 

1905—06. 
Number  of  villages  100013211     —    —    —  — 


TABLE   XLY. 

Showing  the  total  number  of  villages  in  Rohtak  District  and  the  number 
of  villages  infected  in  each  epidemic. 

Number  of  villages  infected 

Total  No.  1st  epidemic  2nd  epidemic  3rd  epidemic  4th  epidemic 

of  villages  1903—04  1904—05  1905—06  1906—07 

499  57  285  30  249 


TABLE   XL VI. 

Showing  the  actual  number  of  villages  in  Rohtak  District  which  were 
infected  in  no,  one,  two,  three  and  four  epidemics. 

Number  of  villages  infected  in 


No  epidemic  One  epidemic  Two  epidemics  Three  epidemics         Four  epidemics 

145  138  172  37  7 

TABLE   XLVIL 

Showing  the  calculated  probable  number  of  villages  in  Rohtak  District  ichich 
would  have  been  infected  in  no,  one,  two,  three  and  four  epidemics  if  all 
villages  were  equally  liable  to  infection  in  all  four  epidemics. 

Number  of  villages  infected  in 


No  epidemic 

One  epidemic 

Two  epidemics 

Three  epidemics 

Four  epidemics 

89 

225 

159 

24 

1 
27—2 
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TABLE   XLVIIL 

Shoming  the  total  number  of  villages  in  Mozuffarnagar  District  and  the 
number  of  villages  infected  in  each  epidemic. 

Number  of  villages  infected  in 


Total  No.  ^ ^ 

of  villages  1st  epidemic         2nd  epidemic  3rd  epidemic  4th  epidemic  5th  epidemic 

973  25  130  313  69  579 


TABLE   XLIX. 

Showing  the  actual  number  of  villages  in  Mozuffarnagar  District  which 
were  infected  in  no,  one,  two,  three,  four  and  Jive  epidemics. 

Number  of  villages  infected  in 


No  One  Two  Three  Four  Five 

epidemic  epidemic  epidemics  epidemics  epidemics  epidemics 

334  301  226  86  25  1 


TABLE   L. 

Showing  the  calculated  probable  number  of  villages  in  Mozuffarnagar  District 
which  would  have  been  infected  in  no,  one,  two,  three,  four  and  Jive  epi- 
demics if  all  villages  were  equally  liable  to  infection  in  all  Jive  epidemics. 

Number  of  villages  infected  in 


No  One  Two  Three  Four  Five 

epidemic  epidemic  epidemics  epidemics  epidemics  epidemics 

202  457  261  49  3  0-05 


TABLE   LI. 

/Showing  the  total  number  of  villages  in  Aniritsar  District  and  the  number 
of  villages  infected  in  each  epidemic. 

Number  of  villages  infected  in 


Total  No.  1st  2nd  3rd  4th  5th  6th 

of  villaKes  epidemic  epidemic  ejndemic  epidemic  epidemic  epidemic 

1062       02       506       445       669        276       604 
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TABLE   LII. 

Showing  the  actual  number  of  villages  in  Amritsar  District  vjhich  v)ere 
infected  in  nOy  one,  two,  three,  four,  five  and  six  epidemics. 

Number  of  villages  infected  in 


No 
epidemic 

155 


One 
epidemic 

183 


Two 
epidenycs 

211 


Three 
epidemics 

230 


Four 
epidemics 

169 


Five 
epidemics 

93 


Six 
epidemics 

21 


TABLE   Lin. 

Showing  the  calculated  prohahle  number  of  villages  in  Amritsar  District  which 
would  have  been  infected  in  no,  one,  two,  three,  four,  five  and  six  epidemics 
if  all  villages  were  equally  liable  to  infection  in  all  six  epidemics. 

Number  of  villages  infected  in 


No 
epidemic 

48-5 


One 
epidemic 

195-8 


Two 
epidemics 

329-1 


Three 
epidemics 

295-1 


Four 
epidemics 

148-8 


Five 
epidemics 

40 


Six 
epidemics 

4-5 


TABLE   LIV. 

Showing  the  number  of  villages  in  Rohtak  District  infected  each  epidemic 
alo7ig  with  the  total  and  average  population. 


Epidemic  of 

No.  of 
villages  infected 

Total  popula- 
tion of 
villages  infected 

Average  popula- 
tion of 
villages  infected 

1903—1904 

57 

149,524 

2023 

1904—1905 

285 

493,145 

1730 

1905—1906 

80 

117,631 

3921 

1906—1907 

249 
TABLE 

LV. 

471,670 

1894 

Showing  the  number  of  villages  in  Rohtak  District  with  the  total  and 
average  population  infected  in  no,  one,  two,  three  and  four  epidemics. 


No.  of 
villages 

Total  population 
of  villages 

Average  population 
of  villages 

Never  infected 

145 

63,051 

435 

Infected  in  one  epidemic 

138 

109,491 

793 

Infected  in  two  epidemics  . 

172 

270,986 

1575 

Infected  in  three  epidemics 

37 

128,069 

3478 

Infected  in  four  epidemics 

7 

48,625 

6946 

Total 

499 

620,822 

1244 
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TABLE   LVI. 

Showing  the  numher  of  villages  in  Mozuffarnagar   District  infected  each 
epidemic,  with  their  mean  jyopulation. 


No.  and  year  of 
epidemic 


1st 

2nd 

3rd 

4th 

5th 


1902—03 
1903—04 
1904—05 
1905—06 
1906—07 


No.  of 
villages  infected 

Total  BDpulation 
of  villages  infected 

25 

75,341 

130 

257,091 

313 

532,941 

69 

183,270 

579 

744,948 

Mean  population 
of  villages  infected 

3014 

1978 

1703 

2656 

1286 


TABLE   LYIL 


Shoiving  the  number  of  villages  hi  Mozuffarnagar  District  with  their  mean 
population  injected  in  no  epidemic,  in  only  one  epidemic,  in  any  two,  in 
any  three,  in  any  four  and  in  all  five  epidem,ics. 


No.  of 
villages 

Total  population 
of  villages 

Mean  population 
of  villages 

No  epidemic 

334 

127,217 

381 

One  epidemic 

301 

211,861 

704 

Two  epidemics 

226 

284,843 

1260 

Three  epidemics 

86 

187,300 

2178 

Four  epidemics 

25 

83,231 

3329 

Five  epidemics 

1 

23,444 

23,444 

Total 


973 


917,896 


942 


TABLE   LVIII. 

Showing  the  number  of  villages  in  Amritsar  District  infected  each 
epidemic,  with  their  mean  population. 


No.  and  year  of 
epidemic 

No.  of 
villages  infected 

Total  population 
of  villages  infected 

Mean  popul; 
of  villages  inl 

Ist        1901—02 

63 

269,467 

4277 

2nd     1902—03 

506 

734,753 

1452 

3rd      1903—04 

445 

682,138 

1533 

4th      1904—05 

669 

869,853 

1300 

5th      1905-06 

276 

510,464 

1849 

6th      1900—07 

604 

813,116 

1346 
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TABLE   LIX. 


Shoiving  the  7iumbe7'  of  villayes  in  Amritsar  District  with  their  mean 
population,  injected  in  no  epidemic,  in  only  one,  in  any  two,  three, 
four,  jive,  and  in  all  six  epidemics. 


Infected  in 

No.  of 
villages 

Total  population 
of  villages 

Mean  population 
of  villages 

No  epidemic 

155 

39,225 

253 

One  epidemic 

183 

83,779 

458 

Two  epidemics 

211 

125,899 

597 

Three  epidemics 

280 

210,281 

914 

Four  epidemics 

169 

206,547 

1222 

Five  epidemics 

93 

155,971 

1677 

Six  epidemics 

21 

217,888 

10,376 

Total 


1062 


1,039,590 


978 


TABLE   LX. 


Showing  in  Rohtak  District  for  each  Tehsil  the  number  of  villages  and  their 
percentage  on  the  total  villages  infected  in  no  epidemic,  and  in  one,  two, 
three  and  Jour  epidemics. 


Total  no.  of  villages 
Total  population 
Average  population  per  village 
No.  of  villages  never  infected 
Percent,  of  villages  never  infected 
No.  of  villages  inf.  1  epidemic 
Percent,  of  villages  inf.  1  epidemic 
No.  of  villages  inf.  2  epidemics 
Percent,  of  villages  inf.  2  epidemics 
No.  of  villages  inf.  3  epidemics 
Percent,  of  villages  inf.  3  epidemics 
No.  of  villages  inf.  4  epidemics 
Percent,  of  villages  inf.  4  epidemics 


Rohtak 
Tehsil 

Gohana 
Tehsil 

Sampla 
Tehsil 

Jhaggar 
Tehsil 

109 

79 

124 

187 

195,423 

140,682 

160,262 

124,455 

1793 

1781 

1292 

666 

21 

6 

21 

97 

19-3 

7-6 

16-9 

51-9 

28 

13 

36 

61 

25-7 

16-5 

29 

32-6 

39 

47 

61 

25 

35-8 

59-5 

49-2 

13-4 

17 

12 

5 

3 

15-6 

15-1 

4 

1-6 

4 

1 

1 

1 

3-7 

1-3 

0-9 

0-6 
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Part  II.     STATISTICAL  ANALYSES  OF  DATA  RESPECTING 

EPIDEMICS   OF   PLAGUE  IN   THPtEE   DISTRICTS 

OF   THE   PUNJAB. 

By  M.  greenwood,  Jr. 

(^Statistician  to  the  Lister  Institute  of  Preve^itive  Medicine.) 


First  Report — On  the  factors  which  influence  the  frequency  of 

infection. 

It  was  decided  to  proceed  with  the  analysis  of  the  data  collected  by 
Major  Lamb  in  the  following  stages: — 

1.  To  determine  whether  the  numbers  of  villages  attacked  in  any 
one,  two  or  more  epidemics  were  in  agreement  with  the  numbers  one 
would  expect  to  find  supposing  the  matter  were  merely  one  of  chance. 

2.  In  the  event  of  such  distributions  not  proving  to  be  random, 
to  attempt  to  account  for  the  non-random  character,  paying  special 
attention  to  the  supposed  importance  of  size  of  village  in  this 
connection. 

3.  In  the  event  of  the  distribution  being  non-random,  and  its 
character  not  being  explained  by  variations  in  the  populations,  to 
investigate  the  matter  further. 

4.  To  consider  and  report  upon  the  variations  in  percentages  of 
deaths  which  were  manifest  even  in  villages  of  approximately  the  same 
size. 

Since  many  of  the  points  referred  to  are  of  considerable  importance 
and  their  statistical  treatment  will  be  a  somewhat  lengthy  process,  it 
will  make  for  clearness  and  avoid  unnecessary  delay  if  I  embody  my 
results  in  a  series  of  separate  reports.  In  the  present  communication, 
I  shall  deal  with  factors  which  influence  the  recurrence  of  infections,  in 
so  far  as  I  have  been  able  to  reach  statistical  results.  I  desire  also  to 
remark  that  I  have  attempted  on  this  occasion,  and  shall  endeavour  in 
any  subsequent  communications,  to  explain  intelligibly  the  analytical 
methods  I  employ.  I  do  not  mean  by  this  that  I  propose  to  discuss 
the  somewhat  difficult  mathematical  considerations  from  which  the 
methods  in  question  were,  as  a  matter  of  history,  derived ;  but  merely 
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that  I  hope  to  furnish  sufficient  explanation  to  place  the  reader  in  a 
position  to  judge  for  himself  whether  the  processes  employed  and  the 
conclusions  stated  are,  or  are  not,  justifiable. 

The  first  point  to  be  observed  is  that  one  must  adopt  some  standard 
as  to  what  constitutes  an  infected  village.  When,  for  instance,  only  a 
few  cases  of  plague  have  been  found  in  a  large  village,  it  may  be  that 
these  have  been  imported  and  are  no  true  indications  of  local  morbidity. 
To  decide  this  point  is  not  the  duty  of  a  statistician,  since  it  involves 
special  knowledge  only  possessed  by  those  familiar  with  local  conditions. 
I  have,  for  the  purposes  of  the  present  inquiry,  been  instructed  by  those 
who  have  this  knowledge  to  regard  as  an  infected  village  any  village 
from  which  a  plague  death  has  been  reported ;  the  effect  of  modifying 
this  criterion  may  be  matter  for  subsequent  inquiry. 

At  the  outset,  it  is  apparent  that  the  size  of  the  village  is  an 
important  factor  in  the  likelihood  of  its  being  infected.  This  is  almost 
axiomatic  on  any  theory  of  aetiology  and  is  abundantly  demonstrated 
by  the  statistics  of  which  Table  I  give  merely  a  selection. 

The  next  point  is  to  consider  whether  this  factor  is  alone  responsible 
for  the  selective  grouping  of  villages  affected  in  various  combinations  of 
epidemics,  but  before  examining  this  we  must  consider  the  analytical 
process  to  be  used. 

The  problem  is  of  the  following  nature — There  are  a  villages  in  a 
district  and  plague  infections  have  been  reported  in  n  different  epidemics, 
Ci  in  the  first,  Ca  in  the  second,  and  so  on,  up  to  Cn-  We  also  know  that 
an  villages  have  been  infected  in  all  epidemics,  a^-x  in  n  —  1  of  the 
epidemics,  and  so  on.  Supposing  that  the  fact  of  being  infected  in  any 
one  year  is  quite  independent  of  the  fact  of  being  affected  in  any  other 
year,  is  the  number  of  actual  recurrences  in  agreement  with  what  we 
should  expect  ? 

This   problem    may    be    approached   in   the    following   way.      The 

chance  of  being  affected  in  the  first  epidemic  is  - ,  of  being  affected  in 


a 


a 


the  second    epidemic  -,  and  so  on.     Therefore  the  chance  of  being 


a 


Ol  Co  Cg 


affected  in  all  epidemics  is    ^  '  ^'"  "  and  the  total  number  which  should 


a 

be  so  infected  is  a  x  — ^  ^'"   "".     Thus  the  number  which  would  be 

a^ 

infected  in  the  first  three  epidemics  is  a  x    ^  ^  ^  ^  '" " ' — -  where 

d.  =  a  —  Ca  d.  =  a  —  Cn  etc. 
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And  we  shall  find  the  number  infected  in  any  three  epidemics  by  taking 
a  times  the  sum  of  all  such  expressions  as 

C\  C.2  C-^  CL^  ('  5  ttg  .  .  .   1^7^ 

an 

In  this  way  one  obtains  the  most  probable  number  of  infections  for 
each  possible  combination  of  epidemics  and  we  next  require  some 
method  of  testing  the  agreement  between  the  observed  numbers  and 
the  calculated  ones.  Of  the  various  tests  which  have  been  proposed 
the  most  satisfactory  is  that  devised  by  Karl  Pearson^  which  can,  for 
our  purposes,  be  looked  at  in  the  following  simple  way. 

Supposing   the    observed    value   in   any  case  is  x  and    the    value 

expected,  on  any  hypothesis  which  we  desire  to  test,  y.     Then    ^ 

will  be  a  measure  of  agreement  independent  of  sign  and  its  summed 
value  S ^^ ,  for  all  the  classes  we  have  formed  will  be  a  measure  of 

y 

the  total  agreement.  The  problem  now  reduces  itself  to  the  following — 
How  many  times,  on  the  average,  will  the  observed  values  in  a  series  of 
events  which  are  known  to  follow  a  given  law  of  distribution  differ 
from  the  expected  values  owing  to  random  sampling  so  as  to  produce  a 

specified  arithmetical  value  of  S ^—  ? 

This  has  been  answered  by  Pearson  in  the  memoir  referred  to  and  a 
table  constructed  by  W.  Palin  Eldertonl 

For  instance,  suppose  that  in  a  certain  case  8  ^~ ,  or  as  it  is 

usually  termed  x^,  is  equal  to  10  and  we  find  against  this  value  for 
material  grouped  in  the  number  of  subdivisions  used  for  our  material, 
the  fraction  "8.  This  means  that  if  the  law  be  true  we  should  get,  on 
repeating  our  observations,  as  bad  an  agreement  as  or  a  worse  agree- 
ment than  that  given  by  our  material,  eight  times  out  of  ten.  In  other 
words  it  is  most  likely  that  the  theoretical  law  assumed  really  describes 
the  observations. 

What  value  of  P  (the  '8  of  my  illustration  is  called  P)  should  be 
taken  as  good  evidence  for  the  truth  of  one's  hypothesis,  is  partly  a 

'  "  On  the  Criterion  that  a  given  System  of  Deviations  from  the  Probable  in  the  Case 
of  a  Correlated  System  of  Variables  is  such  that  it  can  be  reasonably  supposed  to  have 
arisen  from  Rsmdorn  Sampling."     K.  Pearson,  Phil.  Mag.,  1900,  Vol.  l.,  p.  157. 

2  "Tables  for  Testing  the  Goodness  of  Fit  of  Theory  to  Observation."  W.  P.  Elderton, 
liioin.,  1902,  p.  165. 
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matter  of  individual  judgment  and  partly  depends  on  the  nature  of  the 
material  examined.  I  should  be  disposed  to  regard  any  value  of  P 
greater  than  '45  as  good  and  greater  than  '25  as  fair  evidence  in  such 
problems  as  those  we  have  to  consider  now.  I  do  not  propose  to 
examine  the  mathematical  justification  of  the  method  I  have  outlined ; 
reference  can  be  made  by  those  readers  who  are  interested  in  the 
subject  to  the  memoir  of  Pearson  which  I  have  cited.  It  is,  I  hope, 
sufficiently  clear  that  the  process  lends  itself  to  our  particular  investi- 
gation.    Some  practical  difficulties  now  deserve  notice. 

Although  the  calculation  of  the  probable  number  of  villages  to  be 
infected  in  any  combination  of  epidemics  is,  as  I  have  shown,  merely  a 
matter  of  simple  arithmetic,  yet  the  arithmetic  becomes  extremely 
laborious  when  the  number  of  epidemics  under  review  is  even 
moderately  large.  Thus  in  Amritsar  district  there  are  six  epidemics 
and  the  complete  evaluation  of  the  various  combinations  of  villages 
affected  never,  once,  twice  etc.,  requires  the  determination  of  64  distinct 
products  each  composed  of  six  terms.  Without  a  mechanical  calculator 
this  is  an  impracticable  task  and  even  with  such  help  it  is  very  tedious. 
It  may  be  asked  whether  an  approximation  to  the  value  cannot  be 
obtained  by  some  easier  method  and  a  way  out  of  the  difficulty  might 
seem  to  be  afforded  by  using  a  mean  value.  Thus  if  Ci,  c.2,  c^  etc.  were 
infected  in  each  year  we  might  determine  the  mean  probability  of 
infection 

Ci  +  C2  +  C3  +  .  .  .   Cj2,  _ 

=  say  p, 

na 

and,  similarly,  the  mean  probability  of  not  being  infected  =  say  q. 
Then  the  number  which  should  be  infected  in  any  two  years  e.g.  would 
be  a  (pf(qy~^-  The  objections  to  this  simplification  are,  I  think, 
insuperable.  The  total  number  of  epidemics  under  observation  is 
absolutely  small  and  the  proportion  of  villages  attacked  from  epidemic 
to  epidemic,  varies  enormously.  For  instance,  in  Amritsar,  out  of  1062 
villages — 

62  were  attacked  in  1901 — 2 


506   „ 

1902  3 

445   „ 

1903—4 

669   „ 

1904  5 

276   „ 

1905  6 

604   „ 

1906  7. 
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The  probable  error  of  a  mean  determined  from  so  short  and  variable 

a  series  is  large  (for  normally  distributed  variables,  the  probable  error  of 

.     ^^,,^  Standard  Deviation       . 

the  mean  is  '67449  x  .      ■  ). 

vNumber  of  Observations 

The  difference  between  the  results  obtained  by  calculating  the 
probable  numbers  in  both  ways  is  appreciable  as  will  be  seen  in  Table 
11.  I  have  therefore  made  all  the  calculations  by  the  direct  sum- 
mation method  already  described.  Although  the  process  was  very  long 
it  was  rendered  possible  by  the  use  of  a  large  Brunsviga  Calculator  and 
all  additions  were  checked  with  a  Burroughs  Adding  Machine. 

I  shall  give  the  complete  working  of  one  table,  that  for  the  whole 
Amritsar  district.  From  the  figures  given  above,  we  see  that  the 
chances  of  being  infected  in  each  year  are : 

^1= -0583804,    ^2  = -4764595,    ^93  = '4190207, 
^,  =  •6299435,     ^5  = '2598870,    pe  =  '568lSS2, 

and  the  corresponding  chances  of  not  being  infected  are : 

q,  =  -9416196,     q^  =  '5235405,     q,  =  '5809793, 
q,  =  -3700565,     q,  =  -7401130,     q^  =  -4312618. 

VVith  these  values  for  the  independent  probabilities,  we  determine 
the  expected  number  in  each  category.  Thus  the  probable  number 
affected  five  times  is 

1062  (PlP2P3P4P5q6  -^  PlP-lPsPiPeqn  +  PlP2P3P5Piiq4  +  PlP2P4P5PeqS 

+  PlP3P4P5Peq2+P2PsP4P5P6qi)- 

Finally  we  reach  Table  III  the  headings  of  which  are  explanatory. 
The  value  of  P  is  so  small  that  we  can  evidently  not  regard  the 
distribution  as  a  random  one.  Tables  IV  and  V  show  similar  results  for 
the  other  two  districts.     Table  III  A  gives  the  details  for  Amritsar. 

We  now  come  to  the  question  whether  the  non-random  character  of 
these  distributions  is  due  to  mixing  together  villages  of  very  different 
sizes.  I  approached  the  problem  in  the  following  way.  A  series  of 
groups  was  chosen,  each  containing  villages  falling  within  assigned 
limits  of  size.  Each  group  was  then  treated  in  the  manner  just  explained, 
the  probability  of  infection  in  each  epidemic  being  of  course  determined 
separately  for  each  group.  The  results  appear  in  Tables  VI  to  XXV, 
the  actual  working  details  being  omitted  to  save  space.  These  tables 
merit  somewhat  close  attention.  In  the  first  place  it  is  obvious  that 
the   majority  exhibit  a   much   closer  agreement  between   theory  and 
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observation  than  could  be  discerned  in  the  general  Tables  III  to  V,  but 
an  objection  will  immediately  occur  to  the  reader.  Tables  VI  to  XXV 
are  sub-samples  and  consequently  include  far  fewer  observations  than 
figure  in  the  Tables  III  to  V,  is  this  the  cause  of  the  better  agree- 
ment ? 

It  is  clear  that  the  test  of  agreement  which  I  have  employed  gives 
an  answer  which  in  some  measure  depends  on  the  absolute  size  of  the 
experience.     Thus  our  criterion  is  the  valuq  of 

y 

If  we  multiply  x  and  3/  by  a  constant  k  this  becomes : 

y 

Hence  if  k  is  a  proper  fraction  ^^  is  diminished  and  the  apparent 
goodness  of  fit  increased.  This  is,  of  course,  in  accordance  with  the 
demands  of  common  sense.  A  deviation  of,  say,  ten  per  cent,  from  the 
theoretical  value  when  we  examine,  say,  a  sample  of  100  would  not  be 
regarded  as  making  so  much  against  the  theory  as  a  ten  per  cent, 
difference  when  the  sample  was  one  of  1000. 

Now  it  seemed  to  me  that  one  could  form  a  reasonable  opinion  as  to 
whether  the  higher  values  of  P  in  some  of  the  groups  are  merely  due 
to  reduction  in  absolute  size  and  not  to  reduction  in  the  relative 
discrepancy  between  theory  and  practice,  quite  simply.  I  have  taken 
each  table  of  totals  (III — V)  and  determined  the  value  which  P  would 
take  if  the  relations  between  observed  and  calculated  values  were  not 
disturbed  but  the  value  of  %'^  reduced  to  what  would  be  given  by 
smaller  total  numbers  of  observations. 

In  the  case  of  Amritsar,  the  values  of  ^  reduced  to  153,  129,  390 
observations  are  still  so  large  as  to  give  values  of  P  less  than  one  in  a 
billion ;  even  with  a  total  of  45  (the  smallest  Amritsar  Group)  and 
using  five  classes  instead  of  six,  P  only  rises  to  "0001.  The  Mozuffar- 
nagar  total  reduced  to  72,  82,  141  and  161  observations  also  gives  P 
less  than  one  in  a  million.  Rohtak  gives  P  =  '04  when  the  total  is 
reduced  to  44  and  P  =  *01  for  60  observations.  While  I  admit  the 
test  to  be  a  rough  one,  I  can  see  no  valid  objection  to  it.  I  hold  it  to 
be  certainly  true  that  the  improved  agreement  between  theory  and 
practice  shown  in  many  of  the  Tables  VI — XXV  is  not  to  any  serious 
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extent  dependent  on  the  reduction  in  numbers,  as  compared  with 
Tables  III — V  alone.  We  are  now  in  a  position  to  assert  that  size  of 
population  is  an  important  factor  in  determining  whether  a  village  is 
likely  to  be  attacked  by  plague,  and  that  elimination  of  this  factor 
tends  to  bring  the  number  of  recurrent  infections  into  agreement  with 
a  chance  distribution,  but  a  variety  of  collateral  questions  are  raised  by 
the  analytical  results.  To  begin  with,  there  is  not  only  a  great 
difference  in  the  results  from  the  several  districts,  but  between  the 
returns  for  groups  of  the  same  district.  Why  is  this  ?  Taking  the 
second  point  first,  the  most  obvious  explanation  would  seem  to  be  that  the 
groups  are  arbitrary  and  that  the  variations  in  size  within  each  are  not 
the  same.  There  is  no  real  reason  to  think  that  absolute  size  within 
the  group  has  anything  to  do  with  the  matter,  because  the  a  priori 
chance  of  being  infected  has  been  calculated  separately  for  each  group ; 
it  could  only  be  a  question  of  relative  variation.  I  determined  the 
mean  population  of  each  group,  the  mean  square  deviation  from  the 
mean,  its  square  root  (the  Standard  Deviation)  and  the  percentage 
that  the  standard  deviation  was  of  the  mean  (the  Coefficient  of 
Variation).  These  constants  are  shown  in  Tables  VI  to  XXV  and 
are  collected  together  in  Table  XXVI.  Taken  as  a  whole,  there  appears 
to  be  a  slight  tendency  for  the  higher  values  of  P  to  be  associated  with 
smaller  coefficients  of  variation  and  this  was  to  some  extent  confirmed 
by  determining  the  correlation  between  the  value  of  P  and  the  size  of 
the  coefficients  of  variation.  I  cannot,  however,  attribute  any  real 
importance  to  these  findings.  The  figures  marked  with  an  asterisk  are 
hardly  comparable  with  the  others  since  the  variation  depends  mainly 
on  the  inclusion  of  a  few  very  large  or  very  small  villages  or  towns. 
But  if  we  exclude  these,  the  variation  is  rarely  in  excess  of  10.  Now 
the  census  from  which  the  populations  were  obtained  was  taken  in  1901 
and  I  understand  that  a  variety  of  local  circumstances  prevent  the 
census  returns  being  very  accurate  (as  a  basis  for  estimating  the 
present  population).  I  was  advised  that  one  could  not  safely  regard 
the  error  as  being  much  less  than  ten  per  cent.  In  other  words  the 
variation  within  the  groups  is  of  the  same  order  as  the  error  in  the 
estimates  of  population  and  cannot  serve  as  a  basis  for  valid  statistical 
deductions.  I  am,  therefore,  of  opinion  that  we  cannot  attribute  the 
differences  in  the  values  of  P  to  this  factor.  I  must  not  of  course  be 
understood  to  mean  that  differences  in  size- variation  have  not  played  a 
part,  but  merely  as  stating  that  we  have  no  reliable  evidence  that  such 
is  the  case. 
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A  contributory  influence  of  appreciably  greater  weight  is  the 
difference  in  number  of  villages  within  each  group,  especially  as  in  some 
of  the  smaller  groups  fewer  subdivisions  were  made  owing  to  the 
calculated  numbers  of  infections  in  five  and  six  epidemics  being  very 
small.  I  have  tested  this  in  the  same  way  as  in  comparing  totals  with 
^  groups  (vid.  supr.).  Table  XI  gives  P  =  '07  for  129  villages  and  this 
rises  to  '57  for  44  observations.  Table  X  gives  P  =  *148  when  we 
reduce  the  number  of  categories  from  6  to  5  and  the  total  to  44. 
Similarly,  Table  IX  reduces  to  P  = -24  and  Table  VIII  to  P  =  -275. 
Using  the  Mozuffarnagar  results  we  find,  reducing  to  a  total  of  44  and 
five  categories  (which  enables  us  to  compare  with  the  Rohtak  figures), 
Table  XVI  gives  P  =  -44,  Table  XIV,  P  =  '08,  Table  XV,  P  =  '21. 

These  results  show  quite  clearly  that  the  size  of  the  group  and  the 
number  of  sub-classes,  whether  7,  6,  or  5,  employed,  have  had  a  consider- 
able share  in  causing  diversity  within  each  district.  They  also  show 
that  the  greatly  improved  fit  among  the  Rohtak  Groups  as  compared 
with  Mozuffarnagar  and  especially  Araritsar,  is  partly,  but  only  partly 
accounted  for,  by  the  differences  mentioned.  We  have  seen  that  in  one 
group  only  out  of  the  Amritsar  set  have  we  been  able  to  bring  up  the 
goodness  of  fit  to  the  general  level  of  the  Rohtak  returns.  The  same 
remark  applies  but  with  appreciably  less  force  to  a  comparison  between 
Mozuffarnagar  and  Rohtak.  Table  XXVIII  contains  all  the  Rohtak 
groups  which  were  calculated  in  five  classes  reduced  to  a  total  of  44  and 
all  the  returns  from  the  other  districts  reduced  to  the  same  dimensions. 
It  will  be  found  to  support  the  preceding  observations  to  the  effect 
that  Amritsar  shows  definitely  less  good  agreement  with  expectation 
than  do  the  other  districts.  The  averages  for  each  district  are  simple 
means  formed  without  weighting  with  the  numbers  which  actually 
appeared  in  each  group ;  it  is  hardly  possible  to  give  truly  comparable 
means  because  of  the  difficulty  of  assigning  proper  weights. 

It  therefore  results,  I  think,  that  while  careful  allowance  is  to  be 
made  for  the  various  sources  of  fallacy  which  are  involved  in  attempting 
such  comparisons  as  these,  possibilities  of  error  which  I  have  not — 
consciously  at  least — minimised,  there  is  an  appreciable  difference 
between  the  returns  for  any  one  district  within  that  district  and  a  still 
more  appreciable  difference  between  the  returns  for  Amritsar  on  the 
one  side  and  Rohtak  on  the  other. 

In  the  case  of  Rohtak,  the  general  run  of  values  for  P  is  so  good 
that  we  seem  entitled  to  conclude  that  size  of  village  has  been  by 
far  the  most  important  factor  in  producing  the  want  of  agi-eement  which 
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is  seen  in  the  general  Table.     Other  factors  may  have  contributed  to  the 
results  but  their  importance  would  seem  to  have  been  relatively  small. 

In  Mozuffarnagar  more  hesitation  is  appropriate,  but  the  fit  in  some 
important  cases  is  so  good  that  we  are  still  justified  in  assigning  the 
pre-eminence  to  the  size  factor^  In  Amritsar,  although  certainly  one 
and  possibly  two  examples  prove  that  size  has  been  of  considerable 
importance,  yet  the  general  trend  of  the  tables  seem  to  force  one  to  the 
conclusion  that  something  else  has  had  a  special  influence  not  to  be 
discerned  in  the  other  districts.  What  this  something  else  is,  I  do  not 
see  my  way  to  deciding  on  the  strength  of  the  information  before  me. 
A  study  of  the  maps  and  of  the  extremely  interesting  written 
descriptions  with  which  I  was  furnished  appear  to  show  certain 
differences.  Rohtak  appears  to  be  less  thickly  peopled  than  Amritsar^ ; 
Amritsar  is  somewhat  better  served  by  means  of  communication  and 
possesses  much  larger  and  more  important  towns.  Nothing  which  I 
have  been  able  to  find  in  the  report  of  the  Commissioners  or  in  such 
descriptions  of  plague  epidemiology  as  I  have  consulted,  has  suggested 
anything  capable  of  statistical  analysis  with  respect  to  these  points. 

The  following  ideas  have  occurred  to  me.  Amritsar  is  much  the 
largest  city  in  the  three  districts  and  its  intercourse  with  other  towns 
and  villages  in  the  district  must  be  great  even  out  of  proportion  to 
its  size,  since  it  is  the  centre  of  important  administrative  business  and 
is  of  religious  interest  to  the  Sikhs.  The  main  lines  of  migration  to  and 
from  the  city  are  presumably  not  random,  just  as  we  find  in  England 
that  of  two  apparently  equally  convenient  highways  between  large  to,wns 
one  is  much  the  more  often  traversed.  Villages  lying  along  the 
habitual  lines  of  travel  might  be  specially  prone  to  importation  of 
sources  of  infection  irrespective  of  their  size  or  other  local  peculiarities. 
The  difficulty  of  testing  this  statistically  lies  in  the  fact  that  even  in 
Amritsar  size  plays  a  part  in  the  recurrence  or  non-recurrence  of 
infections,  but  still  the  matter  might  be  tested  and  I  will  do  so^,  unless 

^  It  may,  perhaps,  be  asked  why,  in  view  of  Table  XXVIII,  I  class  Mozuffarnagar 
rather  with  Rohtak  than  with  Amritsar.  The  answer  is  that,  apart  from  the  rough 
nature  of  the  test  which  Table  XXVIII  exemplifies,  certain  of  the  groups  in  Mozuffarnagar, 
notably  Table  XII  with  a  relatively  large  number  of  included  villages,  exhibit  a  fairly  close 
agreement  between  expectation  and  observation.  In  all  the  circumstances,  I  think  this 
fact  should  have  weight.     The  reader  will  of  course  draw  his  own  conclusions. 

2  llohtak  -3  per  acre,  Amritsar  1  per  acre.  I  have  no  record  of  the  area  of  Mozuffar- 
nagar District. 

^  A  preliminary  analysis  shows  that  the  Amritsar  villages  within  two  miles  of  the  line 
of  railway  are  not  a  random  sample  of  the  total  in  respect  to  plague  recurrence. 
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those  whose   practical  knowledge   of  the  aetiological   problem   is  far 
greater  than  mine,  decide  that  the  idea  is  baseless. 

Another  point  which  might  be  worth  consideration  is  the  possibility 
that  the  greater  percentage  of  Sikh  inhabitants,  who  are,  I  understand, 
more  numerous  in  the  Amritsar  district  than  elsewhere,  is  of  some 
significance. 

One  other  conclusion  seems  to  be  supported  by  the  statistical 
evidence.  In  investigating  the  arithmetical  cause  of  the  poor  agree- 
ment between  expectation  and  observation  in  Amritsar  district,  I  was 
struck  by  the  fact  that  the  main  discrepancy  was  often  due  to  the 
calculated  number  of  never-infected  villages  falling  short  of  the 
observed  number.  To  see  whether  this  were  really  so,  I  constructed 
Table  XXVII.  It  will  be  seen  that  in  the  majority  of  cases,  notably  in 
Amritsar,  the  observed  excess  in  the  first  group  has  been  largely 
responsible  for  the  poor  fit.  It  might  be  hastily  assumed  that  this  is 
due  to  taking  an  arbitrary  standard  of  plague  infection,  viz.  the 
occurrence  of  a  single  death.  This  is  not  necessarily  or  even  probably 
the  case.  The  number  of  such  villages  is  not  very  large  and  were  it 
large  the  a  priori  probability  of  non-infection  would  be  greatly  increased 
by  including  the  villages  with  one  or  two  deaths  in  the  never-infected 
class.  This  would  disturb  the  balance  altogether  and  might  conceiv- 
ably make  the  agreement  even  worse.  This  is  a  point  I  can  test,  if  the 
Committee  so  desire ;  as  the  case  stands,  I  am  disposed  to  conclude  that 
certain  villages,  for  reasons  which  do  not  appear  in  the  mere  statistics, 
are  peculiarly  difficult  to  infect. 

Since  the  question  as  to  whether  a  village  infected  in  one  year  is, 
ipso  facto,  more  likely  to  become  infected  in  the  next  following  year 
has  a  special  bearing  on  the  problem  of  importation  as  contrasted  with 
recrudescence,  I  have  investigated  the  point  separately  in  the  following 
way. 

Six  groups  of  Amritsar  villages  were  chosen,  viz. 

(1)  Villages  of  populations  1200—1400. 

(2)  „  „  1000—1200. 

(3)  „  „  800  —1000. 

(4)  „  „  500  —  700. 

(5)  „  „  400  —  500. 

The  numbers  infected  in  the  years  1904,  1905,  1906,  1907,  were 
ascertained  and  then  the  numbers  expected  to  be  attacked  in  any  pair 
of  consecutive  years  were  calculated  on  the  assumption  of  equal  incidence 
within  the  groups. 
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The  actual  numbers  were  then  compared  with  the  calculated  figures 
for  each  group  and  each  pair  of  years.  The  goodness  of  agreement  was 
then  measured  by  the  method  used  in  other  sections  of  this  report. 
The  results  are  collected  in  Table  XXIX. 

These  results  merit  careful  attention.  It  will  be  noticed  that  for 
the  years  1904 — 5  and  1905 — 6,  the  agreement  as  measured  by  the 
value  of  P  is  extremely  close,  very  fair  for  1903 — 4,  and  moderate  or 
poor  (in  view  of  the  total  number  of  observations)  for  1906 — 7.  The 
agreement  obtained  when  the  totals  are  used  and  grouped  in  years  may 
be  considered  moderate. 

On  looking  at  the  details,  we  notice  that  the  agreement  is,  in  general, 
worse  in  the  groups  within  which  the  relative  variations  in  size  are 
largest.  Thus  the  groups  of  big  villages  agree  quite  well  in  all  cases 
but  one  and  the  poor  agreement  in  the  table  for  1906 — 7  is  mainly  due 
to  the  group  500 — 700,  while  the  fit  for  1903 — 4  is  appreciably 
diminished  by  the  same  group.  It  must,  however,  be  carefully  observed 
that  this  particular  group  is  the  largest  and  should  have  the  most  weight 
assigned  to  it.  It  must  also  be  noticed  that  the  actual  numbers  are,  in 
the  majority  of  cases,  larger  than  the  calculated  ones  and  that  where  the 
agreement  is  best  the  likelihood  of  failure  is  least. 

Let  us  next  consider  what  sort  of  results  we  should  expect  to  get,  if 
we  were  to  adopt  an  hypothesis  as  to  epidemic  origins. 

If  we  hold  that  a  plague  outbreak  depends  on  the  recrudescence  or 
bursting  into  activity  of  infective  agencies  left  over  from  the  last 
epidemic,  then  the  following  deductions  are,  in  my  opinion,  inevitable. 
Only  villages  which  have  been  attacked  previously,  in  some  shape  or 
form,  can  ex  hypothesi  be  attacked  again.  All  those  which  have  been  so 
evidently  infected  as  to  report  at  least  one  death  will  be  eligible  for 
reinfection.  In  addition  there  will  be  some  villages  so  slightly  affected 
or  placed  under  such  unfavourable  circumstances  for  the  obtaining  of 
exact  information  that  they  do  not  figure  in  our  returns  but  which  are 
eligible  for  attack  in  the  following  year.  We  should  not,  therefore,  be 
surprised  to  find  that  a  very  small  proportion  of  the  villages  which 
showed  cases  in  any  one  year  had  not  been  ostensibly  affected  in  the 
previous  year.  Unless,  however,  we  assume  that  in  two  consecutive 
outbreaks  the  first  is  always  much  milder  than  the  second,  an  assumption 
without  evidence  in  its  favour,  the  magnitude  of  this  error  cannot  be 
sufficient  to  vitiate  the  general  statement  that  the  brunt  of  the  second 
outbreak  must  be  borne  by  villages  affected  in  the  first  year.  One 
would  therefore  expect  a  marked  discrepancy  between  the  number  of 
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villages  twice  infected  and  the  number  calculated  on  the  assumption 
that  the  infections  in  two  years  are  independent  events.  Of  course 
when  a  very  large  proportion  of  the  villages  is  infected  in  both  years, 
the  possibility  of  a  discrepancy  is  diminished.  For  instance,  suppose  in 
a  group  of  100  villages,  90  are  infected  in  one  year  and  90  again  in  the 
second,  we  should  expect  as  a  matter  of  chance  that  81  would  be 
infected  in  both  years  and  on  the  recrudescence  hypothesis  we  could  not 
have  many  more  than  90  affected  twice.  Such  a  discrepancy  as  this, 
when  the  numbers  are  small,  would  be  consistent  with  a  high  value  of 
P.  While  these  considerations  must  be  well  weighed,  it  seems  to  me 
that  sufficient  margin  exists  in  the  groups  of  villages  and  sequences  of 
epidemics  analysed  in  the  table  to  have  afforded  scope  for  the  numbers 
of  twice  affected  villages  to  exceed  the  calculated  numbers  more 
definitely  than  was  actually  the  case.  To  make  this  clear  Table  XXX 
was  prepared. 

This  table  shows  the  percentage  of  villages  in  each  group  affected  in 
each  epidemic,  which  did  not  return  cases  in  the  previous  epidemic. 
This  shows  how  large  a  proportion  of  villages  affected  in  any  one  year 
had  not  returned  cases  in  the  previous  year  (vide  supra  p.  363). 

It  therefore  seems  clear  that  the  agreement  between  the  chance 
distribution  and  the  actual  one  is  closer  than  we  should  expect  were 
the  recrudescence  hypothesis  actually  to  express  an  epidemiological 
truth. 

On  the  other  hand,  if  we  adopt  the  hypothesis  of  importation 
examined  in  the  first  part  of  this  report,  we  should  not  expect  to  find 
an  absolute  agreement  between  chance  and  observation,  we  should  still 
expect  the  fact  of  previous  infection  to  have  some  importance,  for  the 
following  reasons. 

What  the  factors  may  be  which  determine  importation  has  not  yet 
been  rendered  precise.  That  habitual  lines  of  travel,  e.g.  railways,  are 
influential  is  suggested  by  many  facts,  especially  the  maps  published  by 
Nathan  in  his  report  of  the  1896  outbreak  and  an  analysis  of  the  plague 
history  of  Amritsar  villages  within  two  miles  of  a  railroad  which  I  shall 
publish  in  a  subsequent  report.  But,  in  any  case,  it  may  be  regarded 
as  certain  that  the  influences  of  whatever  nature  tend  to  act  in  the 
same  direction  for  fairly  long  periods  of  time,  that  if  any  village  is 
favourably  situated  for  importation  in  1906  it  is  likely  to  be  favourably 
situated  again  in  1907.  Hence,  we  should  expect  to  find  that  villages 
which  have  been  infected  once  are  on  the  whole  more  likely  to  be 
infected  in  the  following  epidemic  than  villages  taken  at  random.     But 

28—2 


428  Sprecid  of  Plague 

since  these  circumstances  are  external  to  the  village,  and  not  part  and 
parcel  of  the  infection  itself,  they  may  be  changed.  A  virulent  outbreak 
in  one  year  may  deter  visitors  from  approaching  it  in  the  following 
plague  season,  sanitary  measures  may  be  enacted  and  enforced,  these 
and  a  thousand  other  circumstances  dependent  on  the  mutability  of 
human  actions  might  tend  to  weaken  or  even  reverse  the  presumption 
created  by  a  first  infection.  The  conclusion  is  that  while  on  the 
recrudescence  theory  we  should  expect  to  find  a  strong  predisposition  to 
reinfection  in  the  case  of  villages  once  attacked,  on  the  theory  of 
reimportation,  the  influence  of  a  first  infection  should  be  slighter  and 
variable.  The  statistical  evidence  is,  I  think,  more  consistent  with  the 
second  alternative. 

In  view  of  the  smallness  of  the  experience — from  a  statistical  point 
of  view — and  the  non-uniformity  of  the  results,  I  am  not  justified  in 
asserting  that  the  evidence  here  adduced  disproves  the  recrudescence 
theory.  It  does,  however,  somewhat  strengthen  the  case  against  it. 
When  this  evidence  is  combined  with  that  advanced  in  the  first  part 
of  the  present  report,  the  case  becomes,  in  my  opinion,  a  rather  strong 
one. 

The  broad  conclusions  which  may  be  drawn  from  the  present 
analysis  are,  I  think,  the  following : — 

(1)  In  none  of  the  three  districts  can  the  total  distribution  of 
villages  into  classes  showing  no,  one,  two,  etc.  infections  possibly  be 
regarded  as  a  chance  event. 

(2)  In  Rohtak,  grouping  villages  of  approximately  the  same  size 
together  and  considering  these  groups  separately,  markedly  diminishes 
the  non-random  character  of  the  distribution.  The  agreement  between 
the  numbers  in  each  group  which  were  0,  1,  2,  3  or  4  times  affected  and 
the  numbers  calculated  on  the  assumption  that  the  distribution  was  a 
chance  one  is  in  every  case  fair  and  in  some  excellent.  This  agreement 
is  exaggerated  by  the  relatively  small  numbers  of  villages  in  the  groups 
and  paucity  of  epidemics  in  comparison  with  the  other  districts,  but 
when  allowance  is  made  for  these  circumstances,  it  is  still  evident  that 
Rohtak  yields  better  agreements  than  the  other  districts,  in  particular 
much  better  agreements  than  in  the  Amritsar  groups. 

(3)  The  Mozutfarnagar  groups  also  show  marked  improvement  as 
compared  with  the  total  for  that  district,  an  improvement  not  accounted 
for  by  the  smaller  size  of  the  groups  as  compared  with  the  total.  They 
do  not  yield  such  uniformly  good  results  as  Rohtak  but  some  are  so 
excellent  as  to   warrant  one    in  concluding    that   size    of  villages  in 
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Mozuffarnagar  as  in  Rohtak  is  much  the  most  important  cause  of  the 
discrepancy  found  in  the  table  for  the  whole  district, 

(4)  Grouping  in  Amritsar  has  improved  the  agreement  sufficiently 
to  warrant  the  assertion  that  here  also  size  of  village  has  been  of 
importance.  The  results,  however,  are  not  generally  good  and  cannot, 
by  allowing  for  size  and  number  of  classes,  be  sufficiently  improved  to 
justify  us  in  regarding  size  of  village  as  having  played  so  decisive  a  part 
as  in  the  other  districts. 

(5)  Nothing  in  the  statistical  evidence  affords  a  satisfactory 
explanation  of  this  difference  which  may,  however,  profitably  be  made 
the  object  of  further  statistical  inquiry. 

(6)  Differences  in  the  numbers  of  villages  within  each  group 
partly  account  for  the  differences  in  goodness  of  agreement  within  each 
set  of  groups,  but  not  entirely. 

(7)  There  is  not  sufficient  statistical  evidence  that  relative 
variations  in  size  within  the  groups  account  for  this  divergence. 

(8)  There  is  no  good  reason  to  think  that  the  fact  of  a  village 
having  been  infected  in  one  epidemic  renders  it  more  likely  to  be 
infected  in  the  following  epidemic  or  less  likely  to  be  so  infected  than 
any  other  village. 

It  may  perhaps  seem  to  the  reader  that  the  analysis  here  presented 
is  not  fine  enough  to  do  justice  to  the  valuable  material.  While  I  fully 
recognise  that  the  present  data  in  all  probability  constitute  the  most 
valuable  and  complete  statistical  materials  which  have  ever  been 
collected  for  the  study  of  plague,  still,  possible  sources  of  error  which 
have  been  pointed  out  to  me,  especially  by  Major  Lamb,  dispose  me  to 
think  that  an  ostensibly  more  refined  analysis  might  be  misleading. 
The  conclusions  herein  presented  may  not  be  altogether  without 
interest  and  value. 
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TABLE   I. 

To  show  the  increase  in  percentage  of  infected  villages  as  the 
population  increases. 

[Cf.  the  Tables  LIV— LIX  supra.] 


Mean 
population 
of  Groups 

Percentage 

never 

infected 

Percentage 
1  infection 

;:  Percentage 
2  infections 

Percentage 
3  infections 

Percentage 
4  or  more 
infections 

Eohtak. 

92 

80-00 

20-00 

0 

0 

0 

257 

51-22 

31-71 

17-07 

0 

0 

352 

50-00 

33-33 

14-67 

0 

0 

603 

30-65 

32-26 

32-26 

4-84 

0 

784 

20-93 

39-53 

34-88 

4-65 

0 

1059 

15-25 

33-90 

45-76 

1-69 

3-39 

1465 

6-82 

25-00 

61-36 

6-82 

0 

2373 

5-13 

15-38 

64-10 

15-38 

0 

Mozuffarnagar. 

404 

34-76 

45-12 

17-68 

1-22 

1-22 

606 

25-53 

45-39 

23-40 

5-67 

0 

917 

21-58 

28-06 

38-13 

10-79 

1-44 

1247 

9-76 

23-17 

45-12 

18-29 

3-66 

1746 

6-94 

23-61 

40-28 

23-61 

5-56 

4137 

4-49 

15-73 

33-70 

29-21 

16-85 

Amritsar. 

175 

37-78 

24-44 

28-89 

4-44 

4-44 

276 

24-53 

30-19 

18-87 

20-75 

5-66 

308 

21-88 

3313 

23-75 

1500 

6-25 

708 

7-44 

20-51 

22-05 

29-49 

20-51 

1257 

1-96 

7-19 

11-76 

27-45 

51-63 

3837 

0-78 

2-33 

4-65 

18-60 

73-64 
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TABLE   11. 


To  show  the  difference  between  the  results  obtained  by  the  direct  method  of 
calculation  used  in  the  other  tables  and  the  values  obtained  when  a  mean 
value  for  the  probability  of  infection  is  used. 

Amritsar  District. 


Number  of 
epidemics 

0 

1 

2 

3 

4 

5 

6 


Villages  infected  (calculated  numbers) 


Direct  method 

Mean  method 

36 

48-5 

182 

195-8 

351 

3291 

323 

295-1 

143 

148-8 

26 

40 

1 

4-5 

TABLE   IIL 

Numbers  of  villages  affected  in  various  combinations  of  epidemics 
com,pared  with  the  expected  nurnbers. 


1062 


Amritsar  District. 


Times 
affected 

Actual 

number  of 

villages 

Calculated 

number  of 

villages 

Difference 

Square 

of  the 

diflference 

Square  of  the  differ- 
ence divided  by  the 
calculated  number 

0 

155 

36 

+  119 

14161 

393-36 

1 

183 

182 

+  1 

1 

-01 

2 

211 

351 

-140 

19600 

55-84 

8 

230 

32.3 

-93 

8649 

26-78 

4 

169 

143 

+  26 

676 

4-73 

5 

93 

26 

+  67 

4489 

172-65 

6 

21 

1 

+  20 

400 

400 

1062 


1053 -37  =  x^ 


P  corresponding  to  x^=  1053-37  is  too  small  to  be  tabled  in  Elderton's  Table.  Calcula- 
tion from  the  Subsidiary  Table  shows  P  to  be  much  less  than  one  in  a  billion.  In  other 
words,  if  the  distribution  is  really  a  chance  one,  we  should  get  so  bad  an  agreement  on 
the  average  less  than  once  in  a  billion  trials.  The  distribution  can  hardly,  therefore,  be 
regarded  as  a  chance  one. 
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TABLE   \1\A. 

Showing  the  details  for  various  years. 

Amritsar  District. 

Number  of  villages  affected  in  various  epidemics  and  combinations  of  epidemics 
together  with  the  calculated  probable  numbers. 


1901 
1902 
1903 
1904 
1905 
1906 


1901  &  2 
1901  &  3 
1901  &  4 
1901  &  5 

1901  &  6 

1902  &  3 
1902  &  4 
1902  &  5 

1902  &  6 

1903  &  4 
1903  &  5 

1903  &  6 

1904  &  5 

1904  &  6 

1905  &  6 


1901  &  2  &  3 
1901  &  2  &  4 
1901  &  2  &  5 
1901  &  2  <fe  6 
1901  &  3  &  6 
1901  &  4  &  6 
1901  &  5  &  6 
1901  &  3  &  5 
1901  A'  3  &  4 

1901  &  4  &  5 

1902  &  3  &  6 
1902  &  3  &  4 
1902  A  3  &  5 


Actual 
number 

1 

34 

26 

60 

3 

59 


183 


1 
1 
2 
1 

1 

15 
30 

6 

22 
23 

9 
13 
16 
65 

6 


211 


1 
0 
0 
0 
3 
2 
0 
0 
0 
0 
14 
33 
4 


Probable 
number 

2-2 

32-7 

25-9 

61-1 

12-6 

47-4 

181-9 


2-0 

1-6 

3-8 

0-8 

2-9 

23-6 

55-6 

11-5 

43-1 

44-1 

*9-l 

34-2 

21-5 

80-7 

16-6 


351-1 


1-5 
3-5 
0-7 
2-7 
2-1 
5-0 
1-0 
0-6 
2-7 
1-3 
311 
40-1 
8-3 


Actual 
number 

Probable 
number 

1902  &  4  &  5 

10 

19-5 

1902  &  4  &  6 

79 

73-4 

1902  &  5  &  6 

4 

15-1 

1903  &  4  &  5 

5 

15-5 

1903  &  4  &  6 

44 

58-2 

1903  &  5  &  6 

6 

12-0 

1904  &  5  &  6 

25 

28-3 

230 

322-6 

1901  *  2  &  3  &  4 

1 

2-5 

1901  &  3  &  4  &  5 

1 

1-0 

1901  &  2  &  4  &  5 

0 

1-2 

1901  &  2  &  3  &  5 

0 

0-5 

1901  &  2  &  3  &  6 

1 

1-9 

1901  &  2  &  4  &  6 

2 

4-5 

1901  &  2  &  5  &  6 

0 

0-9 

1901  &  3  &  5  &  6 

0 

0-7 

1903  &  4  &  5  &  6 

23 

20-4 

1903&2&5&6 

7 

10-9 

1901  &  3  &  4  &  6 

4 

3-6 

1902  &  4  &  5  &  6 

30 

25-8 

1901  &  4  &  5  &  6 

1 

1-7 

1902  &  3  &  4  &  6 

82 

52-9 

1902  &  3  &  4  &  5 

18 

14-1 

170  (169)* 

142-6 

1901  &2&3&4&5 

2 

0-9 

1901  &2&3&4&6 

12 

3-3 

1901  &3&4&5&6 

1 

1-3 

1901  &2&4&5&6 

2 

1-6 

1902  &3&4&5&6 

79 

18-6 

1901  &2&3&5&6 

0 

0-7 

96  (93)* 

26-4 

1901&2&3&4&5&6 

21 

1-2 

Never  affected 

155 

36-0 

Totals 


1066  (1062)     1061-8 


•  The  figures  in  brackets  are  those  which  appear  in  the  MS.  summary  handed  me  and 
I  used  them  for  calculation.  They  do  not  agree  exactly  with  the  returns  in  the  data 
papers,  but  the  difference  is  quite  unimportant. 
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TABLE   IV. 

MOZUFFABNAGAR   DISTRICT. 

Numbers  of  villages  affected  in  various  combinations  of  epidemics 
comjoared  with  the  expected  numbers. 


Times 
affected 

Actual 
number 

Calculated 
number                   Difference 

Square  of 
the  difference 

Square  of  the  differ- 
ence divided  by  the 
calculated  number 

0 

334 

209-60                   +124-4 

15475-36 

73-832 

1 

301 

461-268                 - 160-268 

256858-3182 

556-853 

2 

226 

254-486                 -    28-486 

811-4522 

3-189 

3 

86 

44-866                +   41-134 

1692-00596 

37-712 

4 
5 

2^126 

li 

2-734 1  2-779     ^   23-221 
-045) 

972-999 

539-2148 

194-032 

973 

865-61880 

P  less  than  1  in 

a 

billion- 

TABLE 

V, 

EoHTAK  District. 

Numbers  of  villages  affected  in  various  combinations  of  epidemics 
com^pared  with  the  expected  numbers. 

Square  of  the  differ- 


Times 
affected 

Actual 
number 

Calculated 
number 

Difference 

Square  of 
the  difference 

ence  divided  by 
calculated  num 

0 

145 

89-26 

+  55-74 

3106-9476 

34-808 

1 

138 

225-00 

-87O0 

7569-0 

33-640 

2 

172 

159-22 

+  12-78 

163-3284 

1-026 

3 

37 

24-56 

+  12-44 

154-7536 

6-301 

4 

7 
499 

0-98 
499-02 

+   6-02 

36-2404 

36-980 
112-755 

P  less  than  1  in 

a  billion. 

TABLE 

VL 

Amritsar  Villages  of  Population  between  150  and  200. 
Comparison  of  actual  and  probable  numbers  affected. 


Number  of  attacks 

Actual  numbers 

Probable  numbers 

0 

17 

11-82 

1 

11 

18-50 

2 

13 

11-10 

3 

2 

3-15 

4 
5 

\] 

0-46 

45 

45-03 

P=-156. 

ilation  175, 

Standard  Deviation  13*94, 

Coefficient  of  Vari 
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TABLE   VII. 

Amritsar  Villages  of  Population  between  250  and  300. 
Comparison  of  actual  and  expected  number  of  attacks. 


[One  village  only  was 

affected 

in  the  first  year 

of 

plague 

SO  that  for  convenience  of 

calculation  this  year  has  been 

regarded  as  free.] 

Actual  number  of 

Number  of  attacks 

villages  affected 

Expected  number 

0 

13 

8 

1 

16 

19-17 

2 

10 

17-21 

3 

11 

7-16 

4 
5 

I] 

- 

^•096}    ^'^^^ 

53 

52-996 

P  =  -035. 
Mean  Population  276,       Standard  Deviation  14-16,       Coefficient  of  Variation  5-13. 


TABLE   VIII. 

Amritsar  Villages  of  Population  between  200  anb  400. 
Comparison  of  actual  and  calculated  numbers  attacked  in  various  epidemics. 


Number  of  epidemics 
0 
1 
2 
3 
4 
5 
6 


Mean  Population  308, 


Actual  number 
35 
53 
38 
24    • 

6 

4 

0 


10 


160 

P^r-001. 
Standard  Deviation  62-94, 


Expected  number 
28-65 
58-29 
52-18 
21-40 


3-89   ) 
•18 
•01   J 


4-08 


159-6 


Coefficient  of  Variation  20-41. 


TABLE   IX. 

Amritsar  Villages  of  Population  between  400  and  1000. 
Comparison  of  expected  attacks  with  actual  attacks. 


Number  of  epidemics 

Observed 

Expected 

0 

29 

11-9 

1 

80 

64-61 

2 

86 

130-06 

3 

115 

121-49 

4 

63 

52-77 

5 

11 

17 

8-78   ) 

6 

0-23    I 

390 

389-84 

P  less  than  • 

0000001. 

9-01 


Mean  Population  708,       Standard  Deviation  177-97,       Coefficient  of  Variationi25-13. 
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TABLE  X. 

Amritsar  Villages  of  Population  between  1050  and  1600. 
Comparison  of  numbers  actually  affected  with  expectation. 


I  epidemics 

Actual  number  affected 

Expected  number 

0 
1 

3    I 
11    ) 

14 

4-38   1    ^  ' 

2 

18 

21-64 

3 

42 

49-27 

4 

46 

52-59 

5 

27 

22-56 

6 

6 

2-19 

153  152-95 

P= -000031. 
Mean  Population  1257,       Standard  Deviation  172*86,     Coefficient  of  Variation  13-75. 

TABLE   XL 

Amritsar  Villages  of  Population  greater  than  1600. 

Comparison  of  numbers  affected  in  various  epidemics  with  the 

calculated  numbers. 


f  epidemics 

Actually  affected 

Expected  number 

0 

1 

0-015   ) 

1 

3 

•   10 

0-15      \   5-42 

2 

6 

5-26 

3 

24 

25-29 

4 

42 

53-29 

5 

44 

39-15 

6 

9 

5-92 

129  129-08 

P=-07. 
Mean  Population  3837,     Standard  Deviation  14065-42,     Coefficient  of  Variation  366-61. 
[This  group  includes  Amritsar  town.] 

TABLE   XII. 

Mozuffarnagar  Villages  350 — 500. 

Comparison  of  actual  numbers  affected  in  various  epidemics  with 

expected  numbers. 

Expected  number 

50-87 

82-90 

27-63 

2-54   1    2-6 

0-06  J    ^  ^ 


Number  of  attacks 

Actual  number 

0 

57 

1 

74 

2 

29 

3 

2   )     , 

4 

2f    " 

164  164  0 

P=-48. 
Mean  Population  404,     Standard  Deviation  58-75,       Coefficient  of  Variation  14-54. 


436 


Spread  of  Plague 


TABLE   XIII. 

MOZUFFARNAGAR   VILLAGES    500 — 750. 

Comparison  of  numbers  actually  a^ected  in  various  epidemics 
with  expected  numbers. 


Number  of 

times  affected 

Actual  number 

Expected  number 

0 

36 

28-11 

1 

64 

76-05 

2 

33 

32-75 

3 

8 

3-82 

4 

0 

0-18 

5 

0 

0-003 

141 
P  =  -ll. 


140-91 


Mean  Population  606,       Standard  Deviation  64-57,       Coefficient  of  Variation  10-65. 


TABLE   XIV. 

MOZUFFAENAGAR   VILLAGES    BETWEEN    750   AND    1100. 

Comparison  of  actual  numbers  of  cases  with  expectation. 


Actual  number 

'  of  attacks 

of  villages 

0 

30 

1 

39 

2 

53 

3 

15 

4 

2 

5 

0 

Mean  Population  917, 


139 
P  = -000007. 
Standard  Deviation  100-61, 


Expected  number 
15-12 
62-74 
48-97 
11-43 

0-81 

0-01 


82 


139  08 


Coefficient  of  Variation  10-98. 


TABLE  XY. 

MoZUFFARNAGAR   VILLAGES   BETWEEN    1100   AND    1450. 

Com,parison  of  numbers  actually  affected  in  different  epidemics  unth 

expected  numbers. 


Number  of 
imes  affected 

Actual  number 
affected 

Expected 
number 

0 

1 

2 
3 
4 
5 

8 

19 

37 

15 

3 

0 

3-02 

2512 

38-51 

13-79 

1-61 

0  05 

82 

82-1 

P  =  -03. 

tion  1247, 

Standard  Deviation  100-21, 

Coefficient  < 

1-66 
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TABLE   XVI. 

MOZUFFARNAGAB   VILLAGES    BETWEEN    1400   AND    2200. 

Comparison  of  numbers  actually  affected  in  various  epidemics  with 

the  expected  numbers. 


of  epidemics 

Actual  number 

Expected  number 

0 

5 

2-19 

1 

17 

17-78 

2 

29 

34-14 

3 

17 

15-71 

4 

4 

2-12 

5 

0 

0  07 

72  72-01 

P  =  -28. 
Mean  Population  1746,       Standard  Deviation  188'85,       Coefficient  of  Variation  10-81. 


TABLE   XVIL 

MOZUFFARNAGAR    VILLAGES    OVER   2000. 

Comparison  of  numbers  actually  affected  in  various  epidemics  with 

calculated  numhers. 


Number  actually 

Number  of  epidemics 

affected 

Calculated  number 

0 

4 

0-94 

1 

14 

8-39 

2 

30 

36-56 

3 

26 

30-47 

4 

14 

12-08 

5 

1 

0-57 

89  89-01 

P=-0064. 

Mean  Population  4137,      Standard  Deviation  3146*29,  Coefficient  of  Variation  76*05. 

[Includes  villages  of  population  11,563,  19,304,  23,444.] 

TABLE   XVIII. 

RoHTAK  Villages  1 — 200. 

Comparison  of  numbers  actually  affected  in  various  epidemics  with 

expected  numhers. 

Number  of  epidemics  Observed  number  Expected  number 

0  40  40*5 

1  10  9-0 

2  0  0*5 


50  50  0 

P=-76. 
Mean  Population  92,       Standard  Deviation  68*96,       Coefficient  of  Variation  74*81. 
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TABLE   XIX. 

RoHTAK  Villages  200—300. 

Comparison  of  numbers  actually  affected  in  various  epidemics  with 

expected  numbers. 


Number  of  epidemics 
0 
1 
2 
3 
4 


Mean  Population  257, 


Observed  number 
21 
13 

7 

0 

0 


41 

Pr=-36. 
Standard  Deviation  27*81. 


Expected  number 
18-53 
18-22 

3-98 

0-27 

0-00 


41-00 


Coefficient  of  Variation  10-83. 


TABLE   XX. 

RoHTAK  Villages  between  300  and  400. 

Comparison  of  numbers  actually  affected  in  various  epidemics  with 

expected  numbers. 


Number  of  epidemics             Actual  number 

Expected  number 

0 

24 

22-44 

1 

16 

20-47 

2 

8 

4-75 

3 

0 

0-34 

4 

0 

0-05 

48 

48-05 

P= 

-30. 

'opulation  352, 

Standard  Deviation  30-34, 

Coefficient  of  \i 

TABLE   XXL 

RoHTAK  Villages  500 — 700. 

Comparison  of  numbers  actually  affected  in  various  epidemics  with 

expected  numbers. 


er  of  epidemics            Observed  number 

Expected  number 

0 

19 

14-33 

1 

20 

28-69 

2 

20 

16-69 

3 

3 

2-27 

4 

0 

003 

62 

62-01 

P  = 

-28. 

ion  603, 

Standard  Deviation  57-08, 

Coefficient  of  Vai 
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TABLE  XXII. 

KoHTAK  Villages  700—900. 

Compar'ison  of  numbers  actually  affected  in  various  epidemics  with 

expected  numbers. 


>f  epidemics 

Observed  number 

Expected  number 

0 

9 

7-40 

1 

17 

19-76 

2 

15 

14-29 

3 

2 

1-56 

43 

43-01 

P= 

•82. 

Mean  Population  784*23,       Standard  Deviation  57*36,       Coefficient  of  Variation  7-31. 

TABLE   XXIII. 

KoHTAK  Villages  950—1200. 

Comparison  of  numbers  actually  affected  in  various  epidemics  with 

expected  numbers. 


Number  of  epidemics 

Observed  number 

Expected  number 

0 

9 

5-35 

1 

20 

25-67 

2 

27 

24-69 

3 

4 

w^ 

3-21   1    3 
0-08  i 

59 

59-0 

P=-26. 

Mean  Population  1059,       Standard  Deviation  87-18,       Coefficient  of  Variation  8-24. 


TABLE   XXIV. 

EoHTAK  Villages  Population  1400 — 1700. 

Comparison  of  numbers  actically  affected  m  various  epidemics  with 

expected  numbers. 


Number  of  epidemics 

Actual  number 

Expected  number 

0 

3 

2-0 

1 

11 

14  12 

2 

27 

23-89 

3 

3 

3-86 

4 

0 

0-1  :^ 

44 

44  00 

P  = 

•75. 

Mean  Population  1465,       Standard  Deviation  130*92,       Coefficient  of  Variation  8-94. 
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TABLE   XXY. 


EoHTAK  2000—2950. 


Comparison  of  numbers  actually  affected  in  various  epidemics  with 

expected  numbers. 


Number  of  epidemi 

cs              Actual  number 

Expected  number 

0 

.2 

0-80 

1 

6 

8-78 

2 

25 

23-40 

3 

6 

5-67 

4 

0 

0-36 

39 

39-01 

P:='53. 

pulation  2373, 

Standard  Deviation  230-89, 

Coefficient  of  V 

TABLE   XXVI. 

Relation  between  Goodness  of  Fit  and  Variation  in  Size. 


No.  in  Group 

Average  Population           Coefficient  of  Variation 

P 

" 

EoHTAK. 

•60 

92 

68-96 

•76 

41 

257 

10-83 

•36 

48 

352 

8-62 

•30 

62 

603 

9-46 

•28 

43 

784 

7-31 

•82 

59 

1059 

8-24 

•26 

44 

1465 

8-94 

•75 

39 

2373 

MOZUFFARNAGAR, 

9-73 

•53 

164 

404 

14-54 

•48 

141 

606 

10-65 

•11 

139 

917 

10-98 

-000 

82 

1247 

7-73 

•03 

72 

1746 

10-81 

-28 

♦89 

4137 

Amuitsar. 

76-05 

-006 

45 

175 

7-97 

-156 

53 

276 

5-13 

-035 

160 

308 

- 

20-41 

•001 

•390 

708 

2513 

-000 

153 

1257 

13-75 

-000 

•129 

3837 

366-61 

•07 
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TABLE   XXVII. 

Showing  the  influence  of  the  non-infected  villages  on  tJie  Goodness  of  Fit. 


No.  of 
villages  in 
the  group 

Percentage  of  total 
number  in  the 

group  wliich  should 
not  be  infected 

Actual  differ- 
ence between 
calculated  and 
observed  number 

ROHTAK. 

I'ercentage  con- 
tribution of  this 
difference  to 
the  value  of  )^ 

Fit 

39 

205 

+    1-2 

56-80 

•63 

62 

2301 

+  ,4-68 

30-02 

•28 

48 

46-71 

+    1-56 

2-93 

•30 

43 

17-21 

+   1-60 

38-74 

•82 

41 

45-19 

+   2-47 

7-53 

•36 

44 

4-55 

+   1-0 

26-10 

•76 

59 

9-07 

+  3-65 

62-50 

•26 

50 

81-00 

-     -5 

MOZUFFARNAGAR. 

1-00 

•76 

82 

3-68 

+  4-98 

74-99 

•03 

139 

10-88 

+  14-88 

54-71 

•00 

72 

3-04 

+   2-91 

57-63 

-28 

164 

31-02 

+   6-13 

29-36 

-48 

141 

19-94 

+   7-89 

24-93 

•11 

89 

1-06 

+   3-06 
Amritsar. 

61-58 

•01 

153 

3-07 

+   9-3 

64-76 

•00 

390 

3-05 

+  17-1 

46-73 

•00 

53 

15-09 

+   5-0 

30-14 

•64 

45 

26-27 

+  5-18 

33-94 

•16 

160 

14-78 

+  11-35 

29-15 

•00 

TABLE  XXYIII. 

To  show  the  influence  of  Size  and  Grouping  on  the  Goodness  of  Fit  (P). 

Values  of  P  wliich  result  when  the  groups  are  reduced  to  a  total  of  44  villages 
in  each  case  and  only  5  classes  are  used. 


EOHTAK 

Amritsar. 

Mozuffarnagar. 

Group 

Goodness 
of  Fit  (P) 

Group 

Goodness 
of  Fit  (P) 

Group 

Goodness 
of  Fit  (P) 

200—300 

•32 

150—200 

-16 

500—750 

•60 

300—400 

-34 

250-300 

-07 

750—1100 

-08 

500—700 

•46 

200—400 

-28 

1100—1400 

•21 

1400—1700 

•75 

400—1000 

•24 

1400—2200 

•44 

2000—2950 

-47 

1050—1600 

•15 

Greater  than  2000 

-10 

Greater  than  1600 
Mean 

•57 

Mean 

Mean 

-47 

•25 

-29* 

*  Two  Rohtak  and  one  Mozuffarnagar  Groups  contain  four  classes  onl}-,  reduced  to  a 
total  of  44,  they  give  : 

R.     700—900  -82  R.     950—1200  -40  M.     350—500  '87 
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TABLE   XXIX. 

Amritsar  villages  tested  for  recurrences  in  successive  years  of  plague. 

1.  Groups  used. 

Population  limits  No.  of  villages  in  the  group 

1200—1400  .                                    46 

1000—1200  67 

800—1000  •                             97 

500—700  166 

400—500  97 

2.    Results  arranged  in  groups. 


1903  and  1904 

1904  and  1905 

1905  and  1906 

-I 

1906  and  1907 

J. 

Group 

No.  affected  \ 
in  both 
years 

Expected 
no.  affected 
in  both 
years             J 

No.  affected  \ 
in  both 
years 

Expected        1 
no.  affected 
in  both 
years             ^ 

No.  affected  > 
in  both 
years 

Expected 
no.  affected 
in  both 
years 

No.  affected  N 
in  both 
years 

Expected 
no.  affected 
in  both 
years             ' 

1200—1400 

25 

23-65 

27 

27-83 

17 

14-78 

10 

12-93 

1000—1200 

26 

25-03 

33 

30-85 

25 

24-52 

23 

22-21 

800—1000 

32 

28-93 

41 

39-36 

31 

26-53 

28 

23-42 

500—700 

39 

30-27 

45 

42-38 

20 

17-71 

20 

12-99 

400-500 

16 

14-65 

15 

16-44 

16 

15-88 

13 

14-14 

Goodness  of 

Fit  {P) 

•54 

-01 

■84 

-25 

3.    Totals  arranged  in  years. 


Years 

No.  affected  in 
both  years 

Expected  no.  al 
in  both  yea 

1903—4 

138 

122-53 

1904—5 

161 

156-86 

1905—6 

109 

99-42 

1906—7 

94 

85-69 

P  =  -29 


TABLE   XXX. 

Percentages  of  villages  ajffected  in  any  one  year  which  did  not 

report  cases  in  the  previous  year. 

Infected  in  1904 

but  not  1903                  1905  1906  1907 

(percentage  of  all  villages     but  not  but  not  but  not 

Population  limits           infected  in  1904)              1904  1905  1906 

1200—1400        18-8        32-5  0  71-4 

1000-1200         80-8         37-7  9-?  62-1 

800-1000        30-4        49-4  3-1  60-6 

500—700         41-8        57-1  28-6  74-0 

400-500         41-4        72-7  35-7  73-5 
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Part  III.     GENERAL  SUMMARY   OF   CONCLUSIONS. 

(1)  While  there  is  an  appreciable  number  of  villages  in  which  the 
interval  elapsing  between  the  last  death  in  one  epidemic  and  the  first 
death  in  the  next  following  epidemic  is  so  short  that  it  is  unnecessary 
to  postulate  a  re-introduction  of  the  disease,  in  the  great  majority  the 
interval  of  freedom  is  so  long  that  a  re-importation  of  the  infective 
agent  is  more  likely  to  be  the  cause  of  the  outbreak  than  recrudescence. 

(2)  The  villages  in  which  the  infection  has  been,  or  may  have  been, 
carried  over  from  one  epidemic  to  the  next  are  generally  of  large  size 
and,  with  the  exception  of  certain  large  towns,  vary  from  year  to  year. 

(3)  A  study  of  the  later  plague  history  of  villages  infected  in  the 
milder  epidemics  and  of  villages  infected  at  the  ends  of  epidemics 
confirms  the  conclusions  stated  in  (1). 

(4)  A  study  of  the  distribution  of  infected  villages  in  maps 
showing  the  position  of  affairs  month  by  month  suggests  a  spreading 
out  of  the.  infection  from  various  centres,  although,  when  the  infection 
becomes  widespread,  this  may  be  difficult  to  trace. 

(5)  Paying  no  attention  to  the  respective  sizes  of  the  different 
villages,  the  numbers  attacked  in  none,  one,  two,  etc.  epidemics  do  not 
form  a  random,  or  chance,  distribution. 

(6)  There  is  a  direct  relation  between  the  number  of  epidemics  in 
which  villages  have  been  attacked  and  the  average  population  of  such 
villages.  The  average  population  of  villages  which  have  never  been 
attacked  is  very  small. 

(7)  The  chief  factor  in  the  non-random  distribution  mentioned  in 
(5)  has  been  the  great  variation  in  size  of  village  within  each  district. 
In  Amritsar  some  other  factor  has  also  been  very  influential,  in  Mozuf- 
farnagar  and  Rohtak  no  agency  other  than  discrepancies  in  size  can 
be  definitely  shown  to  exist. 

(8)  The  incidence  of  plague  in  the  Amritsar  district  is  unlike  that 
found  in  the  other  two  districts. 

(9)  The  statistical  evidence  does  not  point  to  the  conclusion  that 
the  fact  of  a  village  having  been  infected  in  any  one  epidemic  renders 
it  more  liable  to  be  infected  in  the  next  following  epidemic. 

(10)  Certain  villages  appear  to  possess  an  immunity  distinct  from 
the  relative  immunity  conferred  by  low^  average  population. 
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L  Introduction. 

A  circumstance  which  must  have  impressed  itself  upon  many 
sociologists  is  the  fact  that  our  statistical  history  of  disease  is  very 
imperfect.  We  have  indeed,  thanks  to  the  labours  of  many 
distinguished  epidemiologists  and  statisticians,  much  knowledge  of 
the  prevalence  and  types  of  infectious  disease  in  the  near  and 
remote  past,  while  Hirsch  and  others  have  shed  light  on  geographical 
pathology.  When,  however,  we  turn  to  those  common  diseases  and 
injuries  which  have  always  been  observed  to  occur  and  will  doubtless 
continue  to  recur  in  every  age,  our  knowledge  is  seen  to  be  extremely 
incomplete.  For  instance,  we  all  know  that  the  hospital  treatment 
of  fractures  is  now  far  superior  to  what  could  be  obtained  in  the 
eighteenth  century,  but  no  continuous  statistical  record  of  the 
change  has  yet  been  published.  Again,  lobar  pneumonia  has  been 
recognised  as  a  clinical  entity  for  many  years ;  how  has  its  case 
mortality  varied  ?  What  is  the  relation  between  case  mortality  and 
age,  sex  or  social  rank "?  Such  questions  as  these  have,  or  may 
have,  something  more  than  an  historical  interest,  since  their  solution 
might  point  to  the  importance  of  factors  hitherto  unsuspected  in 
the  course  and  termination  of  certain  diseases.  Even  were  this  not 
to  prove  the  case,  the  value  of  such  inquiries,  when  prosecuted  in 
the  spirit  of  exact  science,  must  be  considerable  to  him  who  wishes 
to  study  the  hygienic  progress  of  our  country. 
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It  is  the  object  of  these  investigations,  the  first  of  which  is  now 
pul)lishecl,  to  provide  comparable  data  obtained  from  one  section  of 
the  community,  viz.,  "  The  General  Hospital  Population  "  as  observed 
in  the  London  Hospital,  and  before  detailing  the  results  of  our 
inquiry  it  is  essential  to  consider  some  main  peculiarities  of  this 
stringently  selected  class. 

Two  forms  of  selection  have  great  influence  in  determining  the 
characteristics  of  a  "General  Hospital  Population."  In  the  first 
place,  there  is  an  economic  selection,  large  groups  of  the  nation  not 
being  represented  at  all;  in  the  second,  there  is  a  pathological 
selection,  some  forms  of  disease  being  over-  and  others  under- 
represented  from  tjie  standpoint  of  the  actually  observed  prevalence 
of  diseases  in  the  community  at  large. 

With  respect  to  the  first  point,  the  following  statements  will, 
we  think,  be  found  to  be  substantially  correct.  The  majority  of 
hospital  patients  belong  to  the  working  class,  but  in  the  case  of 
surgical  in-patients  a  relatively  greater  admixture  of  members  of 
the  middle  class  exists  than  among  the  medical  patients,  owing  to 
the  increased  expense  of  modern  surgical  treatment.  From 
the  point  of  view  of  our  present  inquiry,  it  is  material  to  know 
whether  the  social  position  of  the  patients  now  treated  differs  much 
from  that  of  the  eighteenth  century  inmates.  This  is  a  question 
which  we  cannot  answer  exhaustively,  but  we  are  disposed  to  reply 
in  the  negative.  In  1783,  for  instance,  21  "6  per  cent,  of  the  total 
male  patients  in  the  London  Hospital  (1,139)  were  entered  as 
"labourers,"  and  23*4  per  cent,  of  the  surgical  patients  (555)  were 
so  described.  Taking  the  first  1,369  male  patients  on  the  surgical 
side  in  1907,  17  "5  per  cent,  were  found  to  be  entered  as  "labourers." 
Remembering  that  the  word  "  labourer  "  when  used  without  qualifi- 
cation now  denotes  only  the  least  skilled  and  worst  paid  type  of 
manual  worker,  the  improvement  suggested  by  these  figures  may 
well  have  been  slight.  Indeed  it  may  be  said  that  not  only  are  the 
bulk  of  hospital  patients  taken  from  the  working  class,  but  from 
among  the  less  prosperous  members  of  that  class.  The  existence  of 
so  high  a  percentage  of  labourers  is  perhaps  evidence  of  this,  but, 
in  addition,  anyone  acquainted  with  hospitals  will  endorse  the 
evidence,  given  before  the  recent  Royal  Commission  on  the  Poor 
Laws  by  an  experienced  hospital  administrator,  to  the  effect  that 
the  line  dividing  the  class  of  legal  poor  from  that  of  the  general 
hospital  community  is  by  no  means  distinct. 

With  respect  to  the  second  form  of  selection  enumerated  above, 
our  knowledge  is  more  definite.  At  the  present  time  chronic 
diseases,  unless  their  rarity  makes  them  of  special  interest,  are  not 
admitted  to  the  hospital  at  all   freely.     This   selection   has   been 
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pr.'ictisod  with  over  iiicrcisiiig  sti-iiii^oney  ,ia  tho  (Icinuiids  on  ho.s[)itiil 
.s[);ico  on  tlio  one  hiuid  .uhI  the  iuuiii(;i[);il  i)r'ovisi()ii  for  th(3  sick  poor 
on  tho  otlior  hcivo  grown.  Indoed  these  facts  have  led  in  certain 
([uarters  to  tho  conchision  that  hospitals  arc  not  entirely  s/itisLactory 
instruments  for  tho  training  of  the  general  medical  practitioner. 
In  the  days  before  the  creation  of  cfHcient  parochial  infirmaiies 
such  selection  was  less  rigid,  as  is  clear  from  a  quite  cursory 
examination  of  the  eighteenth  century  records.  There  is  actually 
some  little  reason  to  think  that  a  precisely  opposite  rule  was  for  a 
time  followed.  In  this  way  only  can  we  account  for  the  high 
percentage  of  cases  entered  as  "rheumatism  "  between  1750  and  1800, 
cases  which  appear  seldom  to  have  had  a  fatal  issue,  while  acute 
pneumonia  or  true  "  peripncumony  "  is  hardly  represented  at  all 
before  1780.  A  plausible  explanation  is  that  in  the  early  days  of 
hospitals  popular  belief  in  the  efficacy  of  institutional  treatment  in 
acute  diseases  was  but  small.  There  were  also  definite  prohibitions ; 
venereal  diseases  were  excluded  for  several  years.  "In  1756,  a  list 
"  of  diseases  was  put  up,  and  patients  suffering  from  these  were  not 
"  to  be  admitted.  The  '  j)rohibition  list '  inchided  '  ulcerated  cases,' 
"  women  with  child,  children  under  7  (except  for  amputation  or 
"  'cutting  for  stone'),  patients  suffering  from  fits,  small-pox  cases, 
"  cases  of  itch,  distempers,  consumptives,  asthmatical  cases,  in- 
"  fectious  cases  and  all  'disordered  in  their  senses.'"^ 

It  may  be  inferred  from  these  facts  that  any  comparison  of 
death-rates  using  a  broad  classification  must  be  hopelessly  mis- 
leading, and  that  care  must  be  exercised  in  choosing  materials  for 
comparative  study.  These  facts  are  further  supported  by  a 
description  of  the  records  available  for  comparison  to  which  we 
now  turn. 

The  elaborate  system  of  clinical  notes  common  to  the  "  London  " 
and  other  medical  schools,  only  extends  back  in  our  case  through 
some  thirty  years.  Before  that  time  the  physicians  compiled  case 
books,  certain  volumes  of  which  are  in  existence  and  refer  to  so 
early  a  period  as  the  third  decade  of  the  last  century.  These 
volumes  are,  however,  of  no  service  to  the  statistician  since  they 
describe  but  a  comparatively  small  percentage  of  the  total  patients, 
the  writers  having  naturally  preferred  to  dwell  upon  cases  of 
peculiar  professional  interest.  The  only  contiiuious  record  of 
hospital  practice  is  the  series  of  admission  books ;  these  extend 
from  1751  down  to  the  present  time,  with  the  exception  of  a 
period  of  some  fifteen  years  at  the  beginning  of  the  nineteenth 
century  and  an  odd  year  or  two  more  recently.  These  volumes 
record  the  name,  age  (except  for  the  first  eight  or  nine  years), 
^  A  history  of  the  London  Sospitcly  p.  109,  by  E.  W.  Morris.     London,  1910. 
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sex,  occupation  and  disease  of  every  patient  admitted  to  the 
hospital,  the  length  of  stay  in  the  wards  and  the  result  of  treat- 
ment, whether  "  cured,"  "dead"  or  "relieved."  With  the  advance 
of  medical  knowledge,  the  diagnosis  has  become  more  precise,  but 
no  material  change  has  been  made  in  the  form  of  the  entries  down 
to  the  present  time ;  we  are  thus  in  possession  of  an  almost  con- 
tinuous record  of  nearly  a  century  and  a  half's  hospital  experience. 

For  the  medical  antiquary  these  books,  with  their  frequent 
entries  of  diseases  either  extinct  or  no  longer  endemic  in  the  east  of 
London  {e.g.,  various  agues)  and  their  variations  in  nomenclature, 
contain  much  of  peculiar  interest.  For  our  statistical  object  it  is 
more  to  the  point  to  consider  what  weight  should  be  assigned  to 
the  diagnoses  for  comparative  purposes,  and  how  we  can  grapple 
with  the  selective  difficulties  already  mentioned. 

Clearly  we  must  choose  some  disease  or  injury  which  (1)  is 
common,  (2)  is  always  likely  to  be  admitted  to  the  hospital 
when  it  presents  itself,  (3)  does  not  offer  unusual  difficulties  in 
diagnosis.  Quite  apart  from  the  question  of  selective  rules,  it  is 
certain  that  many  of  the  early  records  are  of  no  value  to  us. 
Under  the  simple  rubric  "  fever  "  are,  for  instance,  a  large  number  of 
entries  which  in  all  probability  refer  to  quite  disparate  conditions. 
Indeed  a  considerable  proportion  of  the  diagnoses  are  evidently 
symptomatic.  Even  if  there  had  been  no  selection,  we  should  have 
been  compelled  to  fall  back  upon  a  small  field  for  choice.  For 
these  reasons  it  appeared  to  us  that  the  most  suitable  material 
would  be  fractures  of  the  lower  extremity  as  an  example  of  injury, 
and  lobar  pneumonia  as  a  type  of  disease.  Both  these  groups 
conform  to  the  three  conditions  enumerated  above,  and,  in  addition, 
it  may  be  said  that  the  case  mortality  or,  to  use  a  better  term,  the 
fatality  of  both  is  appreciable  even  in  modern  times.  It  seemed  to 
us  that  a  study  of  this  material  ought  to  throw  light  on  such 
changes  as  have  occurred  in  the  general  conditions  of  hospital 
treatment  as  well  as  in  the  resistance  to  injury  and  disease  of  the 
hospital  type  of  patient,  in  so  far  as  these  can  be  measured  by  death- 
rates.  The  first  part  of  this  paper  will  be  devoted  to  a  study  of  the 
statistics  of  (1)  simple  fractures  of  the  leg,  (2)  simple  fractures  of 
the  thigh,  (3)  compound  fractures  of  the  leg.  Since,  however,  these 
statistics  are  chiefly  of  historical  interest  and  do  not,  for  reasons 
which  will  be  explained  later,  admit  of  detailed  analysis,  we  shall 
deal  with  them  as  briefly  as  possible,  passing  on  to  the  second  part 
of  our  work  which  consists  of  a  study  of  the  case  mortality 
(fatality)  of  acute  lobar  pneumonia  as  modified  by  age,  sex  and 
class.  This  part  of  our  inquiry  is,  we  hope,  of  some  little  interest, 
since  not  only  does  our  material  comprise  upwards  of  5,000  cases. 
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covering  more  than  fifty  years'  experience,  1)UL  in  addition  many 
series  comj)iled  by  other  writers  are  available  for  comparison  with 
and  confirmation  of  our  results. 

A.  Simple  fractures  of  the  ley. 

Table  I  contains  the  London  Hospital  figures  from  1751-1901, 
grouped  in  decennial  periods,  the  mean  age,  standard  deviation  and 
coefficient  of  variation  being  given  in  each  case.  Diagram  1  gives 
the  fatality  in  the  form  of  a  graph,  the  separate  figures  for  males 
and  females  from  1843  are  given  in  Tables  II  and  III,  while  separate 
male  and  female  graphs  from  1831  are  shown  in  Diagram  1.     It 
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should  be  remarked  that  from  1854  onwards  we  have  not  extracted 
the  whole  of  the  figures  for  each  decennium,  owing  to  the  excessive 
labour  involved ;  we  have  started  with  the  central  years  of  the 
decennium,  and  worked  backwards  and  forwards.  Thus  the  figures 
given  for  1864-73  are  based  on  the  years  1866,  1867,  1868,  1869, 
1870,  and  1871.  The  actual  omissions  are  shown  in  brackets  on 
Table  I ;  for  the  last  three  decennia  the  middle  four  3''ears  in  each 
case  were  used.  Of  course,  for  fractures  of  the  thigh  and  the  other 
subjects  considered  in  this  paper,  all  the  data  were  extracted. 

Fixing  our  attention  first  on  the  general  figures,  without  regard 

to  sex,  it  will  be  seen  that  the  fatality  diminished  rapidly  and 

tolerably  steadily  to  the  decennium  1854-63;   since  that  period  it 

has  exhibited  no  regular  change.     Two  factors  necessarily  influence 

the  case  mortality,  viz.,  age  and  sex.     With  regard  to  sex,  it  is  clear 

from  Tables  II  and  III  that  a  decided  difference  exists  in  favour  of ^ 

males,  a  difference  which  is  still  more  considerable  in  the  case  of 

fractures  of  the  thigh,  and  will  be  mentioned  again  in  the  next 

section.     At  present  it  is  sufficient  to  remark  that,  in  the  earlier 

years  of  the  hospital,  female  patients  were  not,  we  think,  relatively 

more  numerous  than  at  present,  so  that  the  general  diminution  in 

fatality  cannot  be  attributed  to  a  change  in  the  sex  ratio.     With 

regarcl  to  age  constitution,  it  will  be  noticed  that  the  mean  age  of 

the  patients  has  tended  to  fall  and,  since  increasing  years  must 

generally  be  unfavourable  to  a  person's  chance  of  recovery  from 

accident,  this  fact  may  have  had  some    influence  on  the  fataHty 

rate.     In  order  to  estimate  the  probable  importance  of  this,  we 

have  determined,  by  Pearson's  new  method,^  the  correlation  between 

age  and  liability  to  death   after  fracture.      Table   IV  shows   the 

groups  used  and  the  results ;  the  probable  error  has  been  assumed 

to  be  three   times  that  of   the  coefficient   as   determined   by   the 

product  moment  method  in  the  case  of   normal  correlation.     All 

the  values  indicate  an  appreciable  relationship,  but  the  change  in 

rate  of  fatality  can  hardly  be  attributed  to  this  cause.     Table  IVa 

is  an  attempt  to  eliminate  the  age  influence   by  the  method   of 

standard  population.     The  mortality  coefficient  for  each  age-group 

(the  first  group  v/as  1 — 5  years,  the  second  6 — 15,  thence  in  groups 

of   ten  years)  was  determined  for  each  set  of  data  appearing  in 

the  table,  then  the  number  of  deaths  per  i,ooo  which  would  have 

occurred  in  a  population  having  the  age-constitution  of  the  data  for 

1884-1903.     It  will  be  seen  that  taking  a  period  of  some  thirty 

years  as  the  unit  instead  of  a  decennium  makes  the  fall  smoother. 

At  the  same  time,  such  a  table  as  this  must  not  have  too  much 

weight   attached   to   it.     The  fatality   rates    are  subject  to  large 

-  Biometrika,  vii,  96. 
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random  errors,  cspecijilly  in  llic  later  years  when  the  t(jtal  numbers 
of  deaths  are  small.  It  seems,  liowever,  toleral)ly  clear  that  the 
change  in  fatality  is  a  real  phenomenon,  not  due  to  incomparahility 
of  the  recordKS. 

Changes  in  the  rate  of  mortality  do  not,  of  course,  completely 
represent  the  improvements  which  may  have  been  effected  in  hospital 
treatment.  There  is,  indeed,  reason  to  think  that  the  percentage  of 
serviceable  limbs  which  follow  the  healing  of  a  fracture  is  higher 
in  modern  times ;  we  have  not,  unfortunately,  any  statistical  evidence 
bearing  on  the  matter,  our  data  only  being  concerned  with  deaths. 
We  do  not  know  how  many  of  the  patients  returned  as  "  cured  "  in 
the  old  times  actually  left  the  hospital  lame  for  life. 

A  source  of  error  which  has  probably  occurred  to  the  reader 
may  be  mentioned  at  this  point.  The  majority  of  the  fractures 
recorded  in  our  series  are  the  result  of  direct  or  indirect  violence  ; 
in  many  cases  they  are  the  results  of  street  accidents ;  in  others  of 
falls  from  the  rigging  of  ships,  and  so  on.  Now  it  might  well  happen 
that  a  person  admitted  to  the  hospital  with  a  broken  leg,  as  the 
only  objective  sign  of  injury,  was  in  reality  suffering  from  "  shock," 
or  perhaps  some  grave  internal  lesion.  Supposing  death  to  follow 
in  such  a  case  it  would  not  be  in  any  real  sense  a  result  of  the 
broken  leg,  and  the  frequency  of  such  deaths  would  throw  no  light 
upon  changes  in  hospital  treatment ;  the  inclusions  of  these  cases 
would  indeed  be  a  serious  source  of  error  in  our  investigations.  To 
minimise  this  we  have  omitted  all  cases  in  which  death  took  place 
within  three  days  of  admission  to  the  wards.  This  plan,  of  course, 
reduces  the  total  mortality,  but  we  feel  confident  some  such  method 
must  be  adopted,  and  have  followed  the  same  course  in  the  case  of 
compound  fractures  of  the  leg  and  simple  fractures  of  the  thigh. 
Even  by  this  process  we  cannot  have  excluded  the  whole  of  the 
instances  in  which  death  was  not  really  due  to  the  fracture  as  a 
primary  cause  :  for  instance,  a  few  undetected  cases  of  sarcoma  and 
some  of  shock  or  internal  injury  which  survived  longer  than  three 
days.  In  view  of  the  large  numbers  involved  it  is  to  be  hoped  that 
such  sources  of  error  are  not  of  importance.^  An  unavoidable  source 
of  error  is  mistake  in  diagnosis ;  perhaps  in  this  particular  case  the 
number  of  such  errors  is  not  very  large. 

One  further  point  of  interest  in  connection  with  simple  fractures 
of  the  leg  has  been  examined.  In  the  later  years  the  fractures  are 
classified  in  accordance  with  whether  one  or  both  bones  were  broken, 
and  it  seemed  to  us  that  the  age  distributions  were  markedly  different 
in  the  cases  of  separate  bones ;  tabulation  proved  this  to  be  the  fact, 

•  It  is  also  to  be  noted  that  the  case  mortality  rates  in  tlie  later  years  depend 
on  small  absolute  numbers  of  Joatlis,  and  are  subject  to  large  random  errors. 
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as  will  be  seen  in  Table  V.  For  the  purposes  of  this  comparison  no 
cases  of  Pott's  fracture"^  were  included.  We  thought  it  might  be 
of  interest  to  fit  a  frequency  curve  to  the  cases  of  fractured  fibula ; 
Table  VI  contains  the  results,  from  which  it  will  be  seen  that  a  good 
fit  was  not  obtained.  We  are  unable  to  say  whether  this  is  due 
to  heterogeneity  of  the  material  or  inaccuracy  of  the  age  records. 
It  is  not  very  easy  to  say  why  this  marked  difference  in  mean  age 
should  be  found ;  had  we  included  Pott's  fracture  the  cause  would 
have  been  plain,  since  the  form  of  accident  which  generally  produces 
this  kind  of  injury  is  more  likely  to  occur  in  later  life.  As  it  is, 
however,  we  can  only  refer  the  distinction  to  the  fact  that  the 
superior  elasticity  of  youthful  bones  would  perhaps  be  a  greater 
safeguard  to  the  fibula,  a  slender  rod  fixed  at  the  extremities  and 
bearing  little  direct  weight,  than  to  the  massive  tibia. 

Finally,  we  determined  whether  the  age  distribution  for  all 
fractures  of  the  leg  was  markedly  different  from  that  of  the 
population  at  large.  To  ascertain  this,  we  extracted  the  data  for 
the  population  at  ages  from  the  census  of  1901,  Metropolitan 
Borough  of  Stepney,  which  includes  the  district  in  which  the 
accidents  likely  to  be  treated  in  the  London  Hospital  would  occur. 
We  then  tabulated  the  actual  ages  of  the  patients  admitted  with 
fj-actures  in  1897-1900,  together  with  the  probable  age  distribution 
of  the  same  number  of  cases  on  the  ground  of  the  census  figures 
(Table  VII) ;  as  was  to  be  expected,  the  actual  figures  show  an 
immensely  greater  incidence  of  fractures  upon  adults  and  a  less 
incidence  upon  children  than  calculated  on  the  basis  of  a  random 
distribution. 

The  general  conclusions  which  may  be  drawn  from  this  analysis 
are,  we  think,  the  following : — 

(1)  The  fatality  of  fractures  diminished  very  greatlj'-  and  fairly 
steadily  during  the  first  century  of  the  hospital's  experience. 

(2)  In  the  last  fifty  years  the  rate  of  fatality  has  not  fallen 
regularly  and  has  possibly  reached  the  irreducible  minimum. 

(3)  There  is  a  slight  sexual  difference  in  fatality. 

(4)  The  mean  age  of  fractures  of  the  tibia  is  appreciably  lower 
than  the  mean  age  of  fractures  of  the  fibula. 

(5)  The  maximvmi  frequency  occurs  between  the  35th  and  55th 
years  in  males. 

B.  Fractures  of  the  thigh. 

These  fractures  have  been  tabulated  in  the  same  way  as  those 

exumined  in  the  last  section  except  that  all  the  data  have  been 

entered,  even  for  the  later  years  (Tables  VIII — X).    An  examination 

'  A  fracture  of  the  lower  end  of  tlic  fibula,  generally  due  to  indirect 
violence,  aa  in  slipping  over  the  kerb. 
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of  Table  VIII  fails  to  reveal  any  continuous  change,  the  figures 
being  most  irregular.  Tal)les  VIII  and  IX  show  a  striking  difTerence 
])etween  male  and  female  rates  of  fatality,  but  this  cannot  be 
altogether  sexual  since  the  mean  age  of  the  female  cases  is  much  higher 
than  that  of  the  male  patients  and  the  correlation  between  age  and 
liability  to  death  (Tal>le  XI)  is  apprecialjle.  We  publish  this  set  of 
tables  for  the  sake  of  completeness  and  to  avoid  the  imputation  of 
having  condemned  data  without  giving  other  workers  the  oppor- 
tunity of  forming  an  independent  judgment.  In  our  opinion,  their 
irregularity  is  so  great  that  no  sound  argument  can  be  based  upon 
them  with  regard  to  changes  in  fatality.  It  is  perhaps  safe  to  say 
that  they  afford  some  evidence  of  a  higher  rate  of  case  mortality 
among  female  patients,  so  far  confirming  the  results  of  Section  A, 
but  beyond  this  we  cannot  go.  It  should  be  remembered  that 
fracture  of  the  thigh  is  a  considerably  more  serious  injury  than 
fracture  of  the  leg  bones,  when  produced  in  adults. 

C.  Compound  fractures  of  the  leg. 

Since,  by  definition,  a  compound  fracture  supposes  the  existence 
of  an  open  wound,  it  was  to  be  expected  that  our  returns  would  show 
a  diminution  in  mortality,  an  improvement  becoming  more  marked  as 
we  approached  the  present  time;  Table  XII  bears  out  this  expectation, 
so  far  as  it  goes.  The  grouping  is  not  for  equal  intervals  of  time, 
but  so  chosen  as  to  give  comparably  large  numbers.  Here  again, 
we  are  unable  to  attach  very  much  importance  to  the  results,  owing 
to  numerous  sources  of  error.  In  the  first  place,  the  numbers  are 
too  small  to  allow  of  separating  males  from  females ;  in  the  second, 
the  injuries  covered  by  the  term  "  compound  fracture  "  are  extremely 
diverse  in  severity ;  in  the  last,  amputation  in  very  serious  cases  is 
much  more  likely  to  have  been  resorted  to  in  modern  times  than  in 
pre-anaesthetic  days,  and  these  cases  do  not  figure  in  our  returns. 
Nevertheless,  even  allowing  for  all  these  sources  of  error,  it  is  not 
unfair  to  conclude  that  a  considerable  saving  of  life  has  been  brought 
about. 

On  the  whole,  the  reader  will  probably  thiidv  that  the  positive 
additions  to  our  knowledge  which  have  resulted  from  this  analysis 
of  accident  fatality  are  neither  many  nor  important.  It  was,  how- 
ever, necessary  to  examine  and  analyse  the  data,  since  only  by 
doing  so  could  we  arrive  at  an  opinion  as  to  their  value,  and  perhaps 
save  other  statisticians  a  somewhat  fruitless  task. 

Part  ll.—The  statistics  of  lobar  pneumonia. 

In  obtaining  data  for  this  part  of  our  inquiry  we  have  extracted 
cases  in  which  the  substantive  disease  was  recorded  as  pneumonia, 
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lobar  pneumonia,  or  croupous  pneumonia;  all  cases  described  as 
broncho-pneumonia,  and  any  cases  in  which  owing  to  ambiguity  of 
description  or  other  circumstance  it  could  be  fairly  inferred  that 
the  disease  really  might  be  l^roncho-pneumonia^  were  rejected.  Since 
pneumonia  may  occur  as  a  complication  of  other  morbid  states,  for 
instance,  the  so-called  terminal  pneumonias,  these  data  do  not 
include  all  cases  which  have  been  actually  treated  in  the  w^ards ; 
they  do,  however,  include  all  cases  in  which  pneumonia  was 
the  principal  disease.  Our  chief  source  of  difficulty  has  been 
cases  simply  recorded  as  pneumonia ;  doubtless  some  of  these  were 
really  instances  of  broncho-pneumonia,  and  should  not  have  been 
included  in  our  figures.  This  source  of  error  was  especially  felt  in 
dealing  with  the  early  years  of  the  hospital,  and  with  records  of 
children.  This  probably  explains  the  great  irregularities  to  be 
noticed  in  our  age  groups  0 — 5  and  0 — 10  years,  as  well  as  those 
to  be  seen  in  the  figures  from  other  hospitals. 

The  crude  results  of  our  work  are  given  in  Table  XIII.  It  will 
l)e  seen  that  the  total  numbers  of  cases  up  to  1854  are  so  small 
that  little  weight  can  be  assigned  to  them,  and  in  what  follows  our 
attention  will  be  mainly  concentrated  on  the  returns  from  1854 
onwards.  Our  first  question  is,  whether  the  fatality  has  changed 
so  markedly  within  the  period  under  review  that  the  data  ought 
not  to  be  treated  as  a  whole.  Table  XIV  contains  the  results  of  an 
inquiry  directed  to  this  point.  If  the  entries  in  this  table  are 
compared  with  their  probable  errors,  the  conclusion  at  which  one 
arrives  is  that,  although  on  the  basis  of  the  numbers  recorded  it 
would  not  be  safe  absolutely  to  deny  the  possibility  of  some  change 
having  occurred,  yet,  except  in  age  group  1 — 5  years,  no  marked 
alteration  can  be  demonstrated.  But,  as  we  have  just  remarked, 
these  early  ages  are  precisely  the  ones  for  which  our  data  are  least 
trustworthy.  Hence  we  are  unlikely  to  commit  a  serious  mistake 
in  examining  the  data  as  a  whole,  as  is  done  in  Table  XV. 

Noteworthy  features  of  this  table  are  (1)  the  high  fatality  in 
the  first  age  group,  (2)  the  very  low  fatality  for  ages  6 — 15,  (3)  the 
rapid  rise  after  the  twenty-sixth  year  (see  Graph  2).  The  probable 
errors  of  the  percentages  as  determined  by  the  usual  method  are 
given  in  the  table ;  the  process  is,  however,  not  really  valid  wdien 
the  percentage  of  the  character  falls  much  below  lo  per  cent.  In 
such  cases  the  distribution  of  random  samples  is  not  effectively  given 
by  the  normal  curve.-^  One  of  us  hopes  to  discuss  this  question  at 
length  on  .another  occasion,  since  the  matter  is  of  importance  in  some 
classes  of  medical  inquiries,  but  the  problem  need  not  detain  us  at 
present. 

^  Pearson,  Bio^relrHca.  v,  172, 
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There  is,  however,  another  objection  to  the  conventional  method 
of  determining  the  prol)al)le  error  when  applied  to  data  such  as 
these  which  deserves  serious  notice.     The  i)roccss  of  deducing  the 

Diagram  2. — Case  fatality  of  pneumonia  (lobar). 

London  Hospital,  1851-1903.     Total  number  of  cases  :  males,  3,791  ; 

females,  1,306. 


Ages 


standard  deviation  of  the  ordinary  binomial  can  only  be  regarded 
as  a  valid  test  of  dispersion  when  the  chances  of  the  events  happening 
are  strictly  independent.  It  is  assumed  that  in  a  population  of  n 
individuals  j?  of  whom  possess  a  certain  character,  the  chance  of 
any  individual  presenting  the  character  is  p/n.  Even  when  the 
events  are  independent,  the  dispersion  is  not  always  the  same ;  an 
elementary  illustration  being  the  difference  between  the  dispersions 
obtained  on  the  basis  of  Bernoulli's  scheme  and  the  more  general 
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case  of  Poisson.^  But  if  we  reach  a  case  in  which  the  chances 
are  not  independent,  the  difficulty  becomes  much  greater.  If  in 
a  popuUition  of  ??,  p  suffer  from  an  infectious  disease,  it  cannot  be 
said  that  the  chance  of  any  one  person  catching  the  disease  is 
absohitely  independent  of  the  chance  of  any  other  person  taking 
it.  In  such  a  case  it  seems  absolutely  necessary  to  deduce  a  new 
expression  for  the  frequency  of  random  samples.  One  of  us  has 
devoted  some  little  attention  to  this  problem,  and  hopes  to  com- 
municate a  few  theoretical  results  later.  We  do  not  think  the 
problem,  as  a  question  of  algebra,  offers  any  insuperable  difficulties, 
indeed,  such  difficulties  as  have  so  far  been  encountered  would 
probably  give  little  trouble  to  a  more  expert  analyst.  The  crux 
seems  rather  to  be  as  to  the  objective  assumptions  to  be  made. 
We  must  suppose  that  the  population  presents  various  degrees  of 
susceptibility ;  further,  we  have  to  consider  whether  the  infective 
organism  progressively  changes  in  virulence  throughout  the  epidemic. 
On  both  these  points  some  statistical  work  has  been  done.  We  may 
refer  to  the  papers  of  Brownlee  on  the  course  of  epidemics,  and  to 
Yule's  discussion  of  a  cognate,  but  not  identical,  problem'^  in  the 
Journal  of  this  Society.  The  immediate  point  is,  how  far  do  these 
considerations  invalidate  the  probable  error  test  as  applied  to  our 
material  1 

It  is  to  be  remarked  that  we  are  not  dealing  with  the  number  of 
cases  of  pneumonia  occurring  in  the  population,  but  with  the 
number  of  deaths  among  pneumonia  patients.  The  difficulty  of 
infection  does  not  arise,  since  the  whole  "  population  "  is  infected ; 
we  might,  however,  suppose  that  the  deaths  are  not  independent, 
since  a  group  of  deaths  might  be  caused  by  the  patients  all  having 
been  infected  by  a  specially  virulent  strain  of  pneumococcus,  or 
having  all  been  subject  to  the  influence  of  unfavourable  weather 
conditions.  There  can  be  little  doubt  that  climatic  conditions 
markedly  affect  the  prevalence  of  pneumonia ;  whether  they  also 
change  the  case  mortality  is,  perhaps,  not  quite  so  certain,  but  still 
likely  enough.  It  is  also  highly  probable  that  variations  in  the 
virulence  of  the  infective  organism  or  its  toxins  occur.  These 
considerations  weaken  the  value  of  the  test,  but  some  mitigating 
circumstances  should  be  noted.  In  our  records  a  period  of  ten 
years  is  the  unit  of  time,  and  the  patients  are  drawn  from  a  fairly 
wide  area.  Perhaps  the  hypothesis  that  the  causes  of  the  individual 
events  are  independent  is  not  entirely  misleading  in  such  a  case. 

^'  For  a  good  discussion  of  this,  sec  Czuber,  Wahrscheinlichkeitsrechnung 
(1903  edition),  pp.  128—130. 

'  iirownlce,  Proc.  Roy.  Soc.  Med.,  May,  1909.  Yule,  Journal  of  the  Royal 
l^tatistical  Society,  Ixxiii,  26. 
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Oil  the  whole,  ])ut  with  considerable  hesitation,  wo  have  dociHcrl  to 
I)ul)lish  the  probable  errors  based  on  the  ordinary  calculation  ;  we 
fiankly  recogin'se,  howevoi",  that  theii*  interpretation  is  a  matter  of 
serious  doubt. 

The  next  question  that  arises  is  with  regard  to  the  difference  in 
fatality  rates  of  males  and  females.     Table  XVI  and   Diagram  3 

Diagram  3. 


2-5    S 

x> 
o 


I  'o 

o'9 
0-8 
07 
0-6 

o*5 
0-4 

o'3 


«  -3 

"^  a 


>■•  a 


Ages...      16—20     21—25    26—30     31—35     33—40     41—45    46—50     51—55      56—60 


give  the  necessary  information  on  this  point.  The  general  trend  of 
the  figures  rather  suggests  that  women  are  somewhat  more  likely 
to  be  victims  in  early  life  and  slightly  less  subject  in  later  life 
than  males ;  but  an  examination  of  the  probable  errors  (bearing  in 
mind  the  caution  just  given)  hardly  inclines  one  to  believe  that 
there  is  a  real  sexual  difference.  It  would  appear  that  sex  is  not  a 
very  important  element  in  prognosis.  We  may  remark  that  the 
actual  incidence  of  pneumonia  is  said  to  be  much  heavier  upon 
males  than  upon  females,  but  we  have  no  data  which  enable  us  to 
examine  the  problem.  It  is  perfectly  true  that  both  our  own  and 
almost  every  other  collection  of  hospital  statistics  show  a  higher 
proportion  of  male  cases,  but  this  need  not  be  due  to  a  greater 
incidence  of  the  disease.  We  must  remember  that  lobar  pneumonia 
is  an  acute  disease,  the  stress  of  the  illness  falling  upon  a  com- 
paratively short  period.  We  believe  it  to  be  a  fact  that  women  of 
the  poorer  classes  are  specially  reluctant  to  leave  their  home  and 
children  when  ill,  since  during  the  period  of  convalescence  they  can 
still  exercise  some  supervision  over  household  affairs.  They  are 
more  likely  to  remain  at  home  if  this  be  possible  than  are  their 
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husbands,  who,  if  confined  to  bed,  even  when  convalescent,  can  be 
of  little  use  in  keeping  house  or  looking  after  the  children. 

We  next  have  to  consider  how  the  London  Hospital  experience 
compares  with  that  of  other  general  hospitals,  and  Table  XVIP 
summarises  the  published  experience  of  several  other  institutions. 
The  data  from  St.  Bartholomew's  Hospital  appear  to  suggest  an 
unusually  low  rate  of  fatality,  but  the  numbers  are  rather  small, 
and  the  general  impression  one  derives  from  the  whole  of  the  data 
is  that  our  Table  XV  represents  quite  accurately  the  rate  of  fatality 
in  the  general  hospital  class  of  patient.  It  is  interesting  to  note 
that  the  data  from  the  Johns  Hopkins  Hospital  are  derived  from  a 
population  racially  different  from  that  of  the  other  institutions  ;  the 
numbers  under  review  in  this  case  are  too  sparse  to  permit  of  very 
definite  conclusions  being  drawn,  but,  so  far  as  they  go,  there  seems 
little  reason  to  expect  a  racial  difference  in  fatality  rate.  In  view  of 
the  fact  that  our  material  is  tolerably  extensive,  the  statistician  will 
naturally  inquire  whether  we  have  attempted  to  graduate  the 
fatality  percentages  by  any  formula  allowing  of  interpolation ;  this 
is  an  interesting  question,  which  we  have  approached  in  the 
following  way  : — 

The  fatality  of  the  group  up  to  5  years  is  so  variable  (see,  e.g.^ 
Table  XIV),  and  the  impression  that  lobar  pneumonia  is  not  a 
very  fatal  disease  in  young  children  so  general  among  experienced 
clinicians,  that  we  suspect  strongly  that  the  data  for  this  age  group 
are  subject  to  a  large  empirical  error.  It  is  indeed  well  known  that 
the  differential  diagnosis  of  lobar  pneumonia  in  young  children  is 
not  an  easy  matter,^  so  that  we  are  fairly  confident  but  little  reliance 
ought  to  be  placed  upon  these  figures.  We  therefore  confined  our 
attention  to  the  remainder  of  the  experience,  and  attempted  to 
graduate  it.  Two  methods  suggested  themselves ;  the  first  was  to 
fit  a  straight  line  by  the  method  of  least  squares,  or,  what  comes  to 
the  same  thing,  and  is  slightly  quicker,  to  determine  the  regression 
line  of  percentage  fatality  upon  age,  weighting,  of  course,  with  the 
number  of  observations  in  each  age  class.  The  second  was  to 
consider  the  percentages  as  ultimate  facts,  and  to  fit  a  frequency 
curve  to  them  by  moments. 

Obviously  the  second  plan,  which  neglects  the  fact  that  the 
percentages  at  the  end  of  the  experience  are  subject  to  large 
probable  errors,  owing  to  their  being  based  on   a  small  absolute 

^  Hadden,  Mackenzie  and  Ord's  data  are  from  St.  Thomas'  Hospital  Reports^ 
1889,  Sturges  and  Coupland's  from  the  2nd  edition  of  their  work  on  Pneumonia, 
other  sources  appear  in  the  table. 

'•'  The  natural  history  and  relations  of  pneumonia,  by  O.  Stnrges  and 
S.  Couphand.     2nd  Edition.     London,  1890,  see  esp.  pp.  135 — 144. 
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imml)cr  of  instiuieos,  can  give  iiotliiiig  l)Ut  an  intorpolalion  formula 
having  no  general  validity ;  we  thoiiglit,  however,  the  comparison 
of  the  results  might  l)o  of  statistical  interest.  Ta])le  XVI II  contains 
the  results  ol)taine(l  by  both  processes.  The  straight  line  was 
determined  l)y  least  squai'es,  and  also,  as  a  check  on  the  arithmetic, 
from  the  regression  equation  ;  portions  of  the  straight  line  and  curve 
are  shown  in  Diagram  4.     Since  the  constants  of  the  straight  line 

Diagram  4. — Relation  of  age  to  mean  fatality. 

London  Hospital.     Male  pneumonia  cases. 
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were  obtained  by  using  weighted  points  it  was  to  be  expected  that 
the  skew  curve,  fitted  to  the  percentages  themselves,  regarded  as 
actual  frequencies,  would  follow  the  latter  more  closely,  especially 
towards  the  end  of  the  experience.  Such  is  the  case,  but  the  curve 
so  fitted,  viz.,  on  a  purely  arliitrary  assumption,  is  not  so  far  superior 
in  its  power  of  reproducing  the  trend  of  the  observations  to  the  straight 
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line  that  it  can  be  regarded  as  preferable  even  as  an  interpolation 
formula.  When  we  remember  the  undoubted  fact  that  the  ages  as 
given  in  our  records  are  almost  certainly  subject  to  a  considerable 
observational  error,  owing  to  ignorance  or  carelessness  on  the  part 
of  the  patients,  we  may  say  that  the  results  of  our  analysis  suggest 
that,  so  far  as  mere  curve  fitting  is  concerned,  fatality  may  quite 
possibly  be  a  linear  function  of  age.  It  is,  of  course,  not  improbable 
that  a  weighted  parabola  would  represent  the  observations  still  better, 
but  in  view  of  the  imperfections  of  the  data  just  mentioned,  it  seems 
that  the  straight  line  is  a  close  enough  representation  of  the  data, 
and  might  be  used  for  purposes  of  interpolation  with  sufficient 
accuracy.  Naturally  such  a  line  could  not  be  used  to  extrapolate 
fatality  rates  outside  the  range  of  our  observations  ;  indeed  it  is 
well  known  that  even  with  data  much  surpassing  ours  in  extent  and 
accuracy  extrapolation  is  a  dangerous  process.!^  It  is  worth  notice 
that  the  true  nature  of  the  relation  between  age  and  severity  cannot 
be  completely  determined  in  this  way.  Our  scale  of  severity  is  only 
the  percentage  of  fatal  cases  upon  total  cases  at  each  age  ;  we  have 
no  means  of  determining  the  real  variability  of  the  whole  population , 
The  whole  value  of  the  determination  of  r  in  such  a  case  depends 
on  the  closeness  or  otherwise  with  which  the  regression  line  fits 
the  observations.  Without  some  measure  of  severity  other  than 
percentage  deaths  it  hardly  seems  possible  to  use  a  better  graphic 
method.  ^1 

Lastly,  we  have  compared  the  age  constitution  of  the  experience 
for  1899-1903,  male  cases,  with  that  of  the  census  population  of 
the  borough  of  Stepney,  just  as  was  done  for  fractures.  As  will  be 
seen,  there  is  some  evidence  that  the  greatest  incidence  tends  to 
come  upon  the  group  15 — 19,  but  there  is  nothing  like  the  discrepancy 
ol)served  in  the  case  of  fractures.  This  result  is  in  accordance  with 
one's  expectation,  since  we  should  anticipate  that  the  cases  would 
tend  to  be  evenly  distributed  on  the  whole  with  the  exception  of 
some  increase  in  the  years  of  early  manhood  when  exposure  to  out- 
door conditions  might  tend  to  lower  the  resistance  of  the  organism 
towards  the  infective  agent. 

The  results  so  far  considered  seem  to  justify  the  following 
statements:  (1)  The  fatality  of  pneumonia  in  the  hospital  class  of 
patients  has  not  appreciably  changed  in  the  last  fifty  years  ;  (2)  there 
is  no  evidence  of  a  sexual  difference  in  fatality  rate ;  (3)  the  increase 
of  percentage  fatality  with  age  can  be  roughly  represented  by  a 
straight  line.     The  next  question,  and  that  one  of  much  interest, 

10  Porrin,  Biometrika,  iii,  99. 

"  For  a  good  discussion  of   scales  of  severity  see  Brownlee,  Biometrika, 
vi,  p.  rU3. 
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is — liow  docs  hospital  cxporiciicc  compare  with  that  dei'ivcd  from 
private  practice  among  other  chisses  of  the  popuhition  1  Is 
pneumonia  distinctly  more  fatal  among  the  poorest  classes  of  the 
community  than  in  general  ? 

Material   for    studying   this   question  is  not  readily  o])tained. 
Indeed  we  know  of  oidy  one  published  series  of  English  cases  at  all 
comparable   in    respect   of    rmmbers   with    those    just   considered. 
These  are  the  results  of  an  inquiry  by  the  Collective  Investigation 
Committee  of  the  British   Medical  Association,   carried  out  some 
twenty-five  years  ago.     The  statistics  of  this  inquiry  as  arranged 
by  Sturges  and  Coupland  ^^  are  given  in  Table  XX.     In  the  face  of 
the  comparatively  small  total  numbers  and  the  apparent  differences 
between   the  male  and  female  rates,  it  is  difficult  to  express  an 
opinion ;    we  would  merely  remark  that   such  figures  would  not, 
taken  alone,  permit  one  to  assert  that  the  fatality  in  non-hospital 
patients  is  markedly  different  from  that   shown   by  the   hospital 
records ;  fortunately  a  much  longer  series  of  cases  has  been  recently 
published.      This  material  is  derived  from  the  experience  of  the 
Leipzig  Krankenkasse ;  ^^  we  reproduce  in  Table  XX  the  data  for 
male   obligatory   members   of   this    Krankenkasse,    the   experience 
covering  a  period  of  some  ten  years  from  1887.     The  cases  included 
are  all  those  not  diagnosed  as  broncho-pneumonia  and  may  possibly 
comprise  a  few  examples  of  the  latter  together  with,  as  the  editors 
of  the  official  statistics  suspect,  some  cases  of  tuberculous  disease. 
It  is  doubtful,  however,  whether  the  data  are  markedly  less  accurate 
from  the  diagnostic  standpoint  than  our  own  and,  with  respect  to 
age  records,  it  is  very  probable  that  they  are  more  accurate  than 
hospital  figures.     Since  the  termini  of  the  quinquennia  are  not  the 
same   as   were   adopted  in  our  original  grouping  of   the  London 
Hospital  figures,  the  latter  have  been  re-grouped  to  allow  of  direct 
comparison,  and  are  repeated  in  Table  XXI,  which  also  shows  the 
differences  in  rates  of  fatality  together  with  their  probable  errors 
for  some  of  the  more  populous  groups.     It  will  be  seen  that  there 
is  a  literally  enormous  difference ;  in  practically  all  the  age  groups 
the   German  fatality   rate   is   little   more    than    half    that  of    the 
London   Hospital   patients.      The   question    at   once   arose   as   to 
whether  the  distribution  of   fatality  and  its  relation  to  age  was 
materially  different  in  this  case.     Table  XXI  and  Diagram  5  show 
the  results  of  a  graduation.     As  before  a  weighted  straight  line 
fairly  represents  the  data  and  is  not  markedly  inferior  in  fit  to  a 
skew  curve  arrived  at  on   the  basis  of  the  arbitrary  assumption 

^'  C.I.C.  Eejjorts,  Yol.  II,  p.  102,     See  also  Sturges  and  Coupland,  op.  cit. 
^^  KranJclieUs     n.     UterhlichJceitsverhdUnisse     i.     d.     OrtskrankenJcasse   J'. 
Leipzig  u.  UmgegeniL     4  Vols.     Berlin,  1910. 
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already  mentioned.  The  change  in  rate  of  fatality  with  increasing 
age  seems  to  follow  a  course  similar  to  that  observed  among  the 
London  Hospital  patients  although  the  absolute  values  are  different. 

Diagram  5. — Belation  of  age  to  mean  fatality. 
Pneumonia.     German  males.     Leipzig  data. 
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We  must  next  ask  ourselves  whether  this  great  difference  is  due 
to  racial  or  climatic  elements,  since  there  is  some  ground  for  thinking 
that  both  of  these  factors  have  some  importance  in  the  prognosis  of 
the  disease.  The  matter  could  at  once  be  decided  by  reference  to 
the  statistics  of  a  large  hospital  in  Leipzig,  but  we  have  unfortunately 
not  been  able  to  find  any  long  series  of  such  data  relating  to  modern 
times  from  any  Continental  hospital  \  the  only  data  at  all  comparable 
in  point  of  numbers  which  we  have  discovered  refer  to  a  period  more 
than  forty  years  ago.  Fismer  gives  the  following  records  for  the 
Basel  hospital :—  ^^ 


Years. 

Number  of 
cases  of  pneunioiiia. 

Deatlis. 

rerccntagc  fatality. 

1839-48  

223 
197 
232 

270 

55 
49 
60 
49 

247 

'49-57  

249 

'58-66  

259 

'67-71  

180 

The  author  attributes  the  diminution  in  the  last  period  to  the 
adoption  of  a  different  form  of  treatment,  but  as  we  cannot  compare 
the  age  constitutions  for  the  earlier  periods  with  those  of  the  later 

"  Fismer,    "Die    Resultate    d.   Kaltwasserbeliandlung    b.    d.    ac.     croup. 
Pneumonic."     Deut.sch.  Arch.  f.  Klin.  Med.  1873,  XI,  391. 
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years,  it  is  difficult  to  regard  the  inference  as  certain.  On  the  whole, 
we  may  say  that  these  figures  do  not  differ  materially  from  those  of 
the  London  Hospital.  In  1861  a  German  translation  of  Huss's 
monograph,  dealing  with  the  experience  of  the  Seraphim  Hospital 
at  Stockholm,  was  published.^''  The  statistical  portion  of  this  work 
is,  in  our  opinion,  admirably  carried  out,  and  we  have  collected  the 
figures  in  Tables  XXIII  and  XXIV.  Although  we  have  not  been 
able  to  tabulate  the  information  in  a  manner  accurately  comparable 
with  the  London  Hospital  and  Leipzig  data,  still  it  is  clear  that  the 
rate  of  fatality  is  much  lower  than  that  of  the  London  Hospital, 
and  compares  not  unfavourably  with  that  of  the  Leipzig  Kranken- 
kasse.  Were  we  able  to  suppose  that  the  experience  of  German 
hospitals  is  similar,  then  the  difference  between  the  London  and 
Leipzig  returns  would  have  to  be  attributed  to  racial  and  climatic 
peculiarities.  Huss,  however,  states  that  between  1847  and  1857 
there  were  5,990  cases  of  pneumonia  in  the  general  hospital  of 
Vienna,  with  1,441  deaths,  or  a  fatality  of  24*13  per  cent.  The 
authority  for  this  statement,  a  report  issued  from  the  Viennese 
hospital  in  1857,  is  not  accessible  to  us,  but  Huss  is  unable 
to  suggest  any  satisfactory  explanation  of  the  difference.  Had 
there  been  any  gross  fallacy  in  the  comparison,  e.g.^  a  marked 
difference  in  age  constitution,  we  feel  sure  so  careful  a  writer 
would  have  mentioned  it.  It  would  appear,  therefore,  that  we 
cannot  definitely  say  whether  the  hospital  fatality  rate  in  such  a 
city  as  Leipzig  is  or  is  not  lower  than  in  London.  If  we  attribute 
the  difference  between  the  figures  from  Vienna  and  Basel  on  the 
one  hand,  and  Stockholm  on  the  other,  to  climate,  then  we  should 
probably  have  to  say  that  Leipzig  ought  to  be  approximated  rather 
to  Basel  and  Vienna  than  to  Stockholm.  It  should  also  be  remarked 
that  the  stress  of  industrial  conditions — the  whole  group  of  circum- 
stances which  go  to  make  up  life  in  a  great  city — render  Leipzig, 
Vienna,  and  London  more  homogeneous  from  this  standpoint  than 
would  be  the  case  if  we  included  Stockholm.  We  conclude,  but 
with  much  hesitation,  that  the  evidence  before  us  is  not  sufficient 
to  allow  of  our  saying  that  the  difference  between  the  Leipzig  and 
London  rates  should  be  referred  to  climatic  or  racial  factors ;  that 
they  cannot  be  due  to  any  sudden  increase  in  morbidity  as  a  con- 
sequence of  some  local  epidemic  ^^  is  rendered  probable  by  the  length 

^°  Huss,"^  jDie  Behandlung  der  Lungenentzundung  und  Hire  statistiscli. 
Verhaltn.'nacli  IQ- jdhr.  Erfalirung  aus  d.  Seraph-Lazarette  i.  Stoc/cholm. 
tJbersetz,  v.  J.  Anger,  Leipzig,  1861. 

'"  For  a  discussion  of  epidemics  of  pneumonia  and  the  geographical  dis- 
tribution of  the  disease,  see  Hirsch,  Handbook  of  Geogr.  and  Hist.  Pathology 
Crcighton's  trans,,  vol.  iii,  chap.  6. 
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of  time  under  review ;  it  seems  necessary  to  resort  to  some  other 
hyjiothesis.  A  possible  cause  of  the  discrepancy  is  found  in  the 
suggestion  that  only  severe  cases  apply  for  hospital  treatment. 
While  it  may  be  safely  asserted  that  any  case  of  pneumonia  applying 
to  a  hospital  will  be  received  as  an  in-patient,  it  is  possible  that 
only  the  worst  cases  do  actually  apply,  and  that  the  hospital  does 
not  get  a  fair  sample  of  cases  of  pneumonia  even  from  the  industrial 
class  which  furnishes  the  hospital  population. 

This  point  was  investigated  by  Huss.     He  found  that  the  fatality 
of  pneumonia  in  the  Stockholm  Military  Hospital  (670  cases)  was 
7  "3 1  per  cent.     Cases  occurring  among  the  soldiers  would  be  seen 
and  treated  from  the  onset,  and  not  submitted    to  the  form  of 
selection  just  noticed.     All  these  patients  must  have  been  between 
the  ages  of  20 — 40  years ;  and  his  hospital  cases  gave  for  the  same 
age  group  a  fatality  of  about  1 1  per  cent.     On  the  basis  of  these 
figures  it  would  seem  that  the  fatality  of  the  hospital  cases  is  roughly 
eleven-sevenths  of  the  fatality  of  cases  treated  from  the  onset.     This 
is,   of   course,  an   extremely  rough   approximation,   and   probably 
exaggerates  the  difference,  since  the  soldiers  will  be  a  physically 
select  class.     Using  it  as  a  rough  check,  we  find  that  the  fatality 
between  20 — 40  is  about  117  per  cent,  for  the  Leipzig  males,  and 
24*2  per  cent,  for  the  London  Hospital  patients ;   multiplying  the 
last  figure  by  seven-elevenths,  we  have  15*4  per  cent,  as  the  value 
corrected  on  the  Stockholm  basis,  which  is  still  very  much  above 
the  Leipzig  rate.     We  seem,  therefore,  to  require  the  aid  of  another 
factor,  viz.,  that  of  social  class.     The  obligatory  members  of  the 
Leipzig  Krankenkasse  consist  for  the  most  part  of  skilled  workmen 
in  regular  employment  who  have  undergone  some  rough  selection 
from  the  point  of  view  of  bodily  fitness ;  the  hospitals  of  a  city  like 
London  draw  their  patients  mainly,  as  we   have  seen,  from  the 
poorest  ranks  of  society,  from  a  class  containing  a  high  percentage 
of  casual  labourers.     These  classes  possibly  differ  congenitally  in  the 
sense  that  they  are  sprung  from  stocks  of  unequal  fitness,  and  they 
certainly  differ  in  their  environments,  using  the  word  environment 
in  a  wide  sense.     It  is  possible,  even  probable,  that  much  of  the 
difference  in  rate   of   fatality  can  be  attributed  to   the  whole   of 
these    inherited    and    acquired   conditions — in    a   word,    that   the 
figures  provide  us  with  a  rough  arithmetical  measure  of  the  disease- 
resisting  powers  of  the  very  poor  and  of  tlie  moderately  prosperous. 
We  have  not  specifically  referred  to  the  effect  of  nationality, 
isolated  from  climatic  conditions,  on  the  prognosis  of  pneumonia 
for  two  grounds ;  in  the  first  place  the  data  from  Johns  Hopkins 
Hospital  in  Baltimore,  so  far  as  they  go,  do  not  seem  to  warrant 
our  attaching  much  importance  to  nationality  i^er  se ;  and  in  the 
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second  place,  the  data  fi'om  Anstiia,  Switzerland  and  Sweden  when 
co)nl)ine(l  witli  the  English  results  do  not  yield  any  f.air  hasis  of 
argument.  We  hnvo  no  material  for  instituting  a  comparison 
between  very  widely  separate  peoples,  such  as  the  black  and  white 
races. 

Whether  our  speculations  respecting  the  source  of  the  dis- 
crepancy we  have  noted  l)e  or  be  not  correct,  it  is  at  any  rate  true 
that  our  results  afford  a  striking  illustration  of  the  incorrect  ideas 
respecting  case  mortality  which  might  be  derived  from  an  exclusive 
study  of  hospital  records.  We  must  not  prolong  this  paper  by  a 
further  discussion  of  speculative  ideas. 

While  our  inquiry  has  been  in  some  directions  practically  barren 
of  results  and  we  have  by  no  means  realised  the  expectations  with 
vi^hich  we  embarked  upon  it,  yet  it  may  be  that  a  part  of  the 
material  presented  is  not  vi^ithout  interest  to  the  statistician  and 
we  hope  at  least  to  have  spared  subsequent  inquirers  some 
fruitless  toil. 

Summary  of  main  conclusions. 

1.  The  fatality  of  simple  fractures  of  the  leg  diminished  greatly 
and  almost  steadily  down  to  fifty  years  ago,  since  then  the  change 
has  not  been  regular. 

2.  There  is  a  slight  but  probably  significant  difference  between 
the  male  and  female  rates. 

3.  The  fatality  of  compound  fractures  has  diminished  steadily 
down  to  the  present  time,  but  the  data  are  imperfect. 

4.  The  hospital  fatality  of  lobar  pneumonia  has  changed  little 
during  the  last  fifty  years,  and  there  is  no  sexual  difference  in  the 
rates  which  can  be  regarded  as  statistically  significant. 

5.  The  experience  of  different  London  hospitals  is  concordant 
but  great  discrepancies  exist  on  extending  the  comparison  to  other 
countries. 

6.  The  change  in  fatality  with  age  can  be  roughly  represented 
by  a  straight  line. 

7.  The  apparently  lower  rate  of  fatality  among  patients  not 
treated  in  hospitals  is,  perhaps,  to  a  large  extent  due  to  differences 
in  social  class,  but  to  settle  the  point  we  should  require  a  long  series 
of  English  cases  from  the  classes  not  treated  in  hospitals,  i'' 
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^^  I  am  much  indebted  to  my  friend  Mr.  Gr.  Udny  Yule,  who  kindly 
went  through  the  whole  of  the  MS.  and  suggested  several  important  modifi- 
cations.— M.G. 
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APPENDIX. 


Table  I. — Simple  fractures  of  the  leg^  1751-1903.* 


Years. 


1751-62  (only  '61-62  give  1 

ages)    J 

'63-72  

'73-82  

'83-92  

'93-1801  ('96,  '98, 1900,  1 

and  lialf  '01  missing),...  J 
1814-23   

'24-33   

'34-43  

'44-53  (-'47)     

'54-G3  (-'54  and  '63)  ... 

'64-73  (-'64, '65, '72, '73) 

'74-83  (middle  4  years)  ... 

'84-93  (middle  4  years)  ... 

'94-1903  (middle  4  years) 


Totals. 


399 

565 
442 
457 

225 

480 
674 
992 
1,271 
1,266 
1,459 
1,317 
1,203 
1,154 


Deaths. 


29 

51 
14 
11 

11 

22 
18 
25 
24 
11 
15 
13 
4 
7 


Percentage 

fatality. 


7-27 

903 
317 
2-41 

4-89 

4-58 
2-67 
2-52 

1-89 
0-87 
103 
0-99 
0-33 
0-61 


Mean 

asce.* 


37-9 

37-3 

35-9 
36-6 

38-5 

37-4 
36-3 
36-9 
34-7 
33-4 
34-3 
33-9 
35  1 
35-6 


Standard 
deviation 
of  ajics. 


16-4 

14-9 
16-3 
16-4 

15-6 

17-4 
17-3 
160 
16-5 
16-4 
17.0 
171 
16-3 
171 


Coefficient 
of  variation. 


43-3 

39-9 
45-4 

44-8 

40-5 

46-5 
47-7 
43-4 
47-6 
49-1 
49-6 
50-4 
46-4 
48-0 


*  The  age  grouping  used  ran  :  1 — 5,  6 — ]  5, 16 — 25, 
it  was  assumed  that  the  age  entries  refer  to  age  at  last 
entered  as  m  years  was  on  the  average  m  +  '5  years  old. 
given  with  groupings  comparable  with  those  of  most 
found  on  a  sample  of  3,426  cases  that  using  the 
1 — 10, 11 — 20,  &c.,  did  not  appreciably  alter  the  values 
are  only  of  interest  for  comparative  purposes  as  ag( 
material  are  notoriously  inaccurate. 


&c.  In  calculating  means 
birthday  so  that  a  person 
Later  tables  are  usually 
medical  writers.  It  was 
unsatisfactory  grouping 
.  In  any  case  the  figures 
3  records  in  this  type  of 


Table  II. — Simple  fractures  of  the  leg. 
Males  only. 


Years. 

Number 
of  cases. 

Number 
of  deaths. 

Percentage 

fatality. 

Mean  age. 

standard 

deviation 

of  ages. 

Coefficient 

of 
variation. 

1844-53  

1,066 

18 

1-7  1 

'54-63  

1,044 

9 

0  86  vri3 

33-4 

15-8 

47-3 

'64-73  

1,166 

10 

0  86  J 

'74-83  

1,039 

9 

0-87 

'84-93  

916 

4 

0-44  1 064 

33-1 

16-3 

49-2 

'94-1903  .... 

865 

5 

0-59  J 

Table  III. 
Females  only. 


1844-53  

205 

6 

2-9   1 

'54-63  

222 

2    . 

0-9 

1-81 

36-8 

20-1 

54-6 

'64-73  

293 

5 

1-7 

'74-83  

278 

4 

1-4    ] 

'84-93  

287 

— 

— 

1 0-70 

395 

17-6 

44-6 

'94-1903  .... 

289 

2 

0-69  J 
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Table  IV. — Correlation  between  age  and  severity  in  simple  fracture  cases. 


Years. 

NiiinbL-r  of 
cases. 

Correlation. 

Years. 

iNuiiilier  of 

CUSCB. 

Correlation. 

A 
1761-92  

'93-1843  ... 
1844-73  

'74-1903  .... 

L.  All  Case 
1,534 
2,368 
3,998 
3,674 

S. 

•21  ±  05 
•30  ±  ^04 
•48  ±  •OS 
•31  ±  -03 

B. 

1844-73 

'74-1903... 

Males  only. 

3,277           -41  ±  -03 
2,820           -37  ±  -03 

Table  IVa. — Ga^c  mortality  per  r,ooo.     Corrected  for  ages,  the  admissions 
1884-1903  being  taken  as  the  standard  population. 


Years. 

Case  mortality 
per  i.ooo. 

Case  mortality 
divided  by  the 
standard  rate. 

Years. 

Case  mortality 
per  I, GOO. 

Case  mortality 
divided  by  the 
standard  rate. 

1751-82 

'83-1823... 
1824-53 

62-191 
38-080 
19-918 

13-3 

8-2 
4-3 

1854-83 

'84-1903... 

10-294 
4-667 

22 
1-0 

ITII 


Table  V. — Age-distribution  oj  males,  1831-1903,  admitted  ivith  fracture  of 
tibia  or  fibula  {exclusive  of  Potts  fracture''^). 


Age  Group. 

Tibia. 

Fibula. 

Age  Group. 

Tibia. 

Fibula. 

1—  5 

6—10 

11—15 

16—20 

21—25 

26—30 

31-35 

36—40 

41—45 

46—50 

51—55 

143 

243 

170 

100 

101 

106 

105 

127 

98 

64 

59 

19 
61 
58 
109 
253 
337 
285 
279 
209 
184 
107 

56—60  

61—65  

66—70  

71-75  

76—80  

81—85  

Totals  .... 

Means .... 

33 

27 
6 
4 
3 

1 

72 

34 

21 

7 

1 

0 

i»390 

2,036 

257  years 

35-1  years 

*  All  such  fractures  are  due  to  combined  eversion  and  abduction  of  the  foot. 
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Table  VI. — Age  graduation  of  fractures  of  fibula^  males,  1831-1903. 


Age. 

Observed. 

Calculated* 

Age. 

Observed. 

Calculated.* 

1—  5 

6—10 

11—15 

16—20 

21—25 

26—30 

31—35 

36—40 

41—45 

19 
61 

58 
109 
253 
337 

285 
279 
209 

14 

38 
84 
151 
227 
283 
305 
286 
236 

46—50  

51—55  

56     60  

61—65  

66—70  

71—75  

76—80  

81—85  

184 

107 

72 
34 
21 

7 
1 
0 

175 

114 

66 

32 

14 

6 

2 

1 

*  The  constants  deduced  from  the  observations  by  the  methods  of  moments 

were : — 

iSi  =  -03997,  iSg  =  2-90929,  /cg  =  -  '10055,  r  =  37'21879, 

the  equation  to  the  frequency- curve  was  : — 

/  X       \11'9845       /,  X       \  23-2343    ,        ,  , ,  ^^ 

y  =  306-91 1 1  +  —         )  X    1  -  K7~rr-]  the  skewness  =  -1132. 

-^  \         11-6427/  \         22-5718/ 

Mode  at  33-58,  Mean  at  35-1  years. 


Table  VII. — Age-distributions  of  865  male  and  289  female  patients 
admitted  for  simple  fractures  of  the  leg,  1897-1900,  compared  with  the 
age  constitution  of  Stepney  {Census  of  1901). 

(Numbers  expressed  as  percentages.) 


Males. 

Temales. 

Age  Group. 

Fractures. 

Census. 

Fractures. 

Census. 

0—  4  

3-35 

13-23 

5-54 

13-45 

5—  9  

10-40 

11-23 

6-23 

11-65 

10—14  

4-74 

1015 

2-77 

10-28 

15—19  

3-93 

9-84 

2-08 

10-32 

20—24  

4-51 

10-45 

3-46 

10-63 

25—29  

8-55 

9-21 

7-96 

•8-80 

30—34  

12-72 

7-91 

9-00 

7-23 

35—39  

13-18 

6-87 

900 

6-29 

40—44  

11-45 

5-60 

11-42 

5-13 

45—49  

11-21 

4-37 

13-49 

4-20 

50-54  

7-17 

3-78 

9-00 

3-60 

55—59  

3-47 

2-58 

5-54 

2-57 

60—64  

3-24 

212 

9-69 

2-30 

G5— 69  

1-15 

1-26 

2-08 

1-54 

70—74  

0-58 

0-79 

1-73 

1-09 

75—79  

0-23 

0-43 

1-04 

0-63 

80—84  

0-12 

016 

— 

0-29 
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Years. 

Total. 

Deaths. 

Percentage 
fatality. 

Mean  age. 

Slaiidanl 
deviation 
of  ages. 

Cocllicient 
of  variation. 

1751-62  (only  '61,1 
'62  give  ages) ....  J 
'63-72    

161 

156 
200 
153 

95 

269 
343 

470 

554 

743 
930 
1,044 
922 
833 

15 

6 

12 

3 

4 

16 

36 
37 

25 

30 
26 
61 
30 
14 

0-3 

3-9 
60 
2-0 

4-2 

60 

10-5 

7-9 

4-5 

4-0 
2-8 
5-8 
3-3 
1-7 

32-4 

32-3 
300 
30-4 

32-5 

33-3 
36-3 
36-0 

31-3 

30-2 
29-1 
29-5 

29-6 
28-8 

18-2 

20-3 

20-2 
19-4 

21-9 

22-1 
24-4 
251 

261 

25-4 
250 

25-8 
26-0 
25-7 

56-2 
62-8 

'73-82    

67 -3 

'83-92    

63-8 

'93-1802(5^  years! 

missing) j 

1814-23    

67-4 
664 

'24-33   

67-2 

'p:-43    

69-7 

'44-53  ('47  miss- 1 

i"g) J 

'54-63    

83-4 
84-1 

'64-73   

85-9 

'74-83    

87-5 

'84-93    

87-8 

'94-1903    

89-2 

Total   

6,873 

315 

4-6 

— 

— 

Table  IX. — Simple  fractures  of  the  thigh. 
Males  only. 


Years. 

Number 

of 
cases. 

Number 

of 
deatlis. 

Percentage 
fatality. 

Mean  age. 

Standard 
deviation. 

Coefficient 

of 
variation. 

1844-53  

403 

9 

2-2] 

'54-63  

550 

22 

4-0  I  2-6 

26-6 

22-4 

84-2 

'64-73  

673 

12 

1-8 

'74-83  

726 

32 

4-4 1 

'84-93  

645 

18 

2-8  U-0 

250 

230 

920 

'94-1903  .... 

592 

8 

1-4  J 
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Table  X. 
Females  only. 


1844-53  

151 

16 

10-6 1 

'54-63  

193 

8 

41  U-3 

38-3 

31-4 

82-0 

'64-73  

257 

14 

5-4  J 

'74-83  

318 

29 

9-1  ■) 

1 

'84-93  

277 

12 

4-3  U-6 

38-4 

30-0 

1      78-1 

'94-1903  .... 

241 

6 

2-5  J 

1 
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Table  XI. — Correlation  between  age  and  severity  in  simple  fractures  of  the 

thigh. 


Year- 


Number  of    |      Correlation, 
cases.        I 


A.  All  Cases. 


17G1-92  

'93-1843  ... 
1844-73  

'74-1903  ... 


537 
1,175 

2,22 1 
2,800 


•24  ±  -08 
•54  ±  "04 
-52  ±  -03 
•38  ±  -03 


Years. 


Number  of 
cases. 


Correlation. 


B.  Males  only. 


1844-73 

'74-1903.... 


1,623 
1,960 


I 


•48  ±  -04 
•37  ±  -04 


Table  XII. — Fatality  of  compound  fractures  of  the  leg.     {All  cases.) 


Period. 

Number  of  cases. 

Number  of  deaths. 

Percentage  fatality. 

1752-1801  

1801-50  

241 
250 

278 
289 
299 
257 

100 
85 
89 
65 
44 
9 

41-5 
34-0 

'51-65      

320 

'G6-76  

22-5 

'77-90  

14-7 

'91-1903  

3-5 

Table  XIII. — Pneumonia  statistics.     London  Hospital^  1784-1903. 


Years. 

Number  of 
cases. 

Deaths. 

Percentfige 
fatality. 

Mean  age. 

Standard 

deviation 

of  ages. 

Coefficient  of 
variation. 

1784-1800 
1814-30  ... 

'31-53  .... 

'54-fi3  .... 

'64-73  .... 

'74-83  ... 

'84-93  .... 

'94-1903 

235 
]86 
155 
201 
254 
456 
1,749 
2,456 

59 

61 

40 

46 

62 

126 

348 

415 

25-1 
32-8 
25-8 
22-9 
24-4 
27-6 
19-9 
16-9 

33-4 
32-9 
329 
30-1 
26-9 
27^9 
24-9 
22-6 

13-6 
121 
121 
14-9 
14-2 
14-7 
151 
14-8 

40-7 
36-8 
36-8 
49-5 
52-8 
52-7 
60-6 
65-6 

Totals  .... 

5,692 

1,157 

20^3 

— 

— 

— 
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Table  XtV. — Percentage  case  mortality  of  lohar  pneumonia^ 
London   I[o>ipital,  1  HIi  1  - 1  l)0:i. 

No  figures  arc    givoi   whioli    are  basotl    on    less    than    20   ol)8orvations.      Tho 

67*440     /-  - 
probable  errors  have  been  calculated  by  E  = slp'li^  +  !)• 

This  formula  is  not  satisfactory  for  small  values  of  p.     To  call  attention  to  this, 
the  probable  errors  in  doubtful  cases  arc  enclosed  in  brackets. 


1831-54. 

1851 

-G:?. 

1861-73. 

Aij;e 

group. 

Males. 

Females. 

Males. 

Females. 

Males. 

Females. 

0—  5 
6—10 

.... 

.... 

11—15 

.... 

lG-20 

.>.. 

.... 

100±4-6 

21—25 

.. .. 

9-4±3-5 

21-6±4'6 

26—30 

36-4'±7-l 

14-8  ±4-7 

31—35 

.... 

261±6-3 

36—40 

41—45 

.... 

46—50 

.... 

.... 

51—55 

.... 

56—60 

.... 

61—65 

1—10 

.... 

.  •• 

.... 

11—20 

154±4-9 

12-9±4-l 

8-7  ±4-0 

21—30 

27-5  ±4-8 

35-0±7-4 

10-9  ±3-1 

18-8±3-3 

9-l±4-2 

31—40 

241±5-5 

31-4db5-4 

31-4±5-4 

41—50 

.... 

.... 

34-8  ±6-8 

.... 

51—60 

.... 

.... 

61—70 

.... 

.... 

1874- 

83. 

1884 

t-93. 

1894-1903. 

Age 

group. 

Males. 

Femalea. 

Males. 

Females. 

Males. 

Females. 

0—  5 

36-7  ±6-0 

l5-l±2-2 

18-9±31 

7-8±[r3] 

4-5±[l-3] 

6—10 

.... 

1-8  ±[0-9] 

7-9±[2-3] 

1-7  ±[0-6] 

2-7±[l-0] 

11—15 

5-0  ±[3-4] 

4-8±[l-3] 

l-9±[l-3] 

2-2  ±[0-7] 

3'8±[l-5] 

16—20 

l7-4±3-8 

13-6±5-0 

10-0±l-5 

7-0±  [2-3] 

7-3±[ro] 

13-8±2-6 

21—25 

16-7  ±4-2 

15-5±21 

15-0±3-l 

103±l-4 

14-0±3-G 

26—30 

30-2  ±4-8 

28-5±2-5 

12-2±3-2 

241  ±2-2 

16-7  ±3-7 

31—35 

20-0±5-0 

.... 

34-6±3-2 

29-5±4-7 

29-5±2-6 

l7-9±5-0 

36—40 

32-4±5-3 

36D±31 

28-6  ±5-2 

40-6  ±2-8 

43-6±5-4 

41—45 

41-2  ±5-8 

.... 

42-1  ±3-8 

31Sd=3-4 

400±7-6 

46—50 

40-3  ±4-2 

45-6±4-l 

51—55 

.... 

16-7±4-2 

58-7±4-9 

.... 

56—60 

.... 

.... 

.... 

54-8±6-l 

.... 

61—65 

•  ••• 

1—10 

255±4-3 

17-4  ±5-4 

8-7  ±1-3 

13-9  ±2-0 

4-4  ±[0-7] 

3-6±[-84] 

11—20 

l36±2-9 

9-7±3-6 

7-8±[l-0] 

4-5  ±[1-3] 

5-2±[0-7] 

8-8±l-5 

21—30 

241  ±3-3 

39-4±5-8 

22-2±l-6 

13-8±2-2 

16-6±l-3 

154i2-6 

31—40 

26-9  i  3-7 

300±7-l 

35-3±2-2 

291  ±3-5 

35-1  ±2-0 

32-8±3-9 

41—50 

43'4±4-6 

41-3±2-8 

23-3±5-3 

37-8±2-6 

42-9  i  5-7 

51—60 

61-9±7-3 

•  ••• 

301  ±4-2 

>••* 

.57-1  ±3-8 

.... 

61—70 

.... 

54-5  ±7-3 

78-3  ±5-9 
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Table  X.Y .—Pneumonia,  1854-1903. 
Males. 


A-es. 

Totals. 

Deaths. 

Percentage  case  mortality. 

0—  5 

6—10 

353 

380 

394 

551 

450 

405 

314 

320 

223 

165 

108 

68 

46 

14 

10 

50 
8 

14-16  ±    1-25 
2-10  4-  rO-4971 

11—15 

IG— 20 

15                         3-81  ±  [0-65] 
53                          9-62  4-    0-85 

21—25 

60 

103 

94 

121 

85 

73 

43 

39 

26 

9 

6 

13-33  ±    1-08 

26—30 

25-43  ±    1-46 

31—35 

29-94  ±    1-74 

36—40 

37-81  ±    1-83 

41—45 

38-12  ±    2-19 

46—50 

44-24  ±    2-62 

51—55 

39-81  ±    3-19 

56-60 

61—65 

57-35  db    4-07 
56-52  ±    4-98 

66—70 

64-29  ±    8-94 

71—    

60-00  ±  10-96 

Totals 

3,8oi 

785                        20-65 

1 

I 


Females. 


0—  5 

207 

197 

155 

182 

141 

128 

90 

87 

44 

36 

28 

-     11 

9 

26 

12 

5 

23 

21 

24 

23 

31 

IG 

12 

12 

5 

2 

12-56  ±    1-55 

6—10 

11—15 

6-09  ±  [1-15] 
3-23  ±  [0-96] 
12-64  ±    1-67 

16—20 

21—25 

26—30 

14-89  ±    203 
18-75  ±    2-34 

31—35 

2556  ±    3-12 

36—40 

35-63  ±    3-48 

41—45 

36-36  ±    4-95 

46—50 

33-33  ±    5-37 

51—55 

42-86  ±    6-42 

56—60 

45-45  ±  10-58 

61—     

22-22  ±    9-85 

Totals 

1,315 

212 

i6'i  2 

Table  XVI. — Pneuraonia  statistics,  1854- 1903. 

fatality^ 


Soxual  differences  in 


Age  group. 

Sex  witli  higher 
fatality  rale. 

Difference 
and  probable  error. 

Ratio  of  difference 
to  its  probable  error. 

16—20 

Female  

3-02  ±    1-87 
1-56  ±    2-30 
6-68  ±    2-76 
4-38  ±    3-57 
2-18  ±    3-93 
1-76  ±    5-41 

10-91  ±    5-98 
3-05  ±    717 

11-90  ±  11-33 

1*61 

21—25 

068 

26—30 

Male 

242 

31—35 

1-23 

36—40 

0-55 

41—45 

0-33 

46—50 

182 

51—55 

Female 

0-43 

56—60 

Male 

1-05 

1911.]         of  the  Lower  Extremity  and  of  Lobar  Pneumonia. 
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Taijlk  XVII. — Piieiimo7iLa—case  mortality.     SumriKiri/  of  ckief  published 

aeries  oj  lioxi>ital  ,Ht<UUti<'s. 

[A8  the  crude  figures  are  generally  not  published,  it  lias  not  been  possible  to 
use  the  same  age  grouping  throughout.] 

London  Hospital,  1854-1903  (Greenwood  and  Candy). 


Age. 

Total  number  of  cases. 

Percentage  fatality. 

Males. 

Females. 

Males. 

Females. 

0—10  

11—20  

21—30  

31—40  

41-50  

51—60  

61—70  

71  

733 
945 
855 
634 
388 
176 
60 
10 

404 
337 
269 
177 

80 

39 

}       «    { 

7-9 
7-2 
191 
33-9 
40-7 
46-6 
58-3 
60-0 

9-4 
8-3 
16-7 
30-5 
35  0 
43-6 

1        22-2 

3,8oi 

1,315 

— 

— 

ITIl 


St.  Bartholomew's  Hospital,  1897-190G  (Brown,  Eoy.  Soc.  Med.). 


Age. 

Total  number  of  cases. 

Percentage  fatality. 

Males. 

Females. 

Males. 

Females. 

Under  15  .... 

15—20  

20—30  

30—40  

40—50  

50—60  

Over  60 

131 

180 
210 
177 
108 
48 
11 

55 
59 

47 
44 
22 
12 

7 

2-3 

4-4 
10-5 
260 
30-6 
50-0 
54-5 

•0 
51 
4-3 

20-5 
31-8 
41-7 
71-4 

865 

246 

— 

— 

Guy's  Hospital,*  1902-06  (Fawcett, 
Roy.  Soc.  Med.). 

Middlesex,  King's  College,  West- 
minster (Pasteur  and  others,  Eov. 
Soc.  Med.),  1897-1906. 

Age. 

Total  number 
ot  cases. 

Percentaire 

fatal  ityT 

Age. 

Total  number 
of  cases. 

Percentage 
fatality. 

1—10 

285 
174 
98 
80 
56 
24 
10 

6-0 
7-5 
22-4 
28-8 
411 
41-7 
60-0 

10—19  

20—29  

30—39  

40—49  

50—59  

60,  &c 

306 
308 
207 
191 
83 
50 

5-6 

11—20 

14-9 

21—30 

34-3 

31—40 

38-7 

41—50 

57-8 

51—60 

660 

Over  60  

727 

— 

"^^"^^S 

— 

*  Sexes  not  given  separately. 
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Table  XVTI  Contd. — Pneumonia — case  mortality. 


St.    :Maiit's    and    CiiAEiNa    Cross 
Hospitals,    1897-1906    (Coby  and 
Bosanquet,  Eoy.  Soc.  Med.). 

St.   Thomas'    Hospital,    1880-90 
(Iladden,  McKenzie  and  Ord). 

Age. 

Total  number 
of  cases. 

Percentage 

fatality. 

Age. 

Total  number 
of  cases. 

Percentage 
fatality. 

10—20 

21—30 

31—40 

180 

204 

139 

79 

26 

19 

7-2 
181 
30-2 
40-5 
30-8 
52-6 

0—10  

11—20  

21—30  

31—40  

41—50  

51—60  

61,  &c 

123 

182 

153 

120 

85 

27 
15 

73 

4-4 

22-2 

41—50 

30-8 

51—60 

37-6 

61,  &c 

55-6 

66-7 

647 

— 

705 

— 

Middlesex  Hospital  (Sturges  and 
Coup]  and). 

Johns  Hopkins  Hospital,  1889-1905 
(Chatard*  J.  H.  H.  Eeports, xv,  1910, 55). 

Age. 

Total  numl.ier 
of  cases. 

Percentage 
fatality. 

Age. 

Total  number 
of  cases. 

Percentage 
fatality. 

0—  9 

10—19 

20—29 

30-39 

40-49 

50—59 

60—69.  &c..  .. 

188 
239 
230 
147 
107 
02 
26 

2-7 
4-8 
17-0 
31-3 
47-7 
40-3 
38-5 

1—10  

10—20  

20—30  

30—40  

40—50  

50—60  

60—70  

70  

47 
69 
212 
150 
88 
42 
30 
14 

6-4 
17-4 
19-3 
30-0 
43-2 
571 
83-3 
571 

999 

— 

(^S^" 

— 

I 


*  Including  35  "terminal"  pneumonias. 


Westeen  Infiemary,  Glasgow  (J.  Gr.  Andrew,  Age  incidence^  cf-c,  and 
comparative  frequency  in  disease,  page  235.     London,  1909. 


Age. 

Total  number  of  cases. 

Percentage  fatality. 

-Male?. 

Females. 

Males. 

Females. 

1—10  

10—20  

20—30  

30—40  

40—50  

50—60  

60—       

27 
164 
254 
150 
134 
58 
27 

11 
43 
53 
45 

22 
7 
2 

3-7 
4-9 
15-0 
29-3 
39- G 
51-7 
51-9 

91 
7-0 
151 
311 
45-5 
28-6 
500 

Totals  .... 

814 

183 

— 

— 

1911.]         of  the  Loioer  Extremity  and  of  Lnhar  Pneumonia. 


'm 


Tahle  XVIII. 


-Pneumonia  cases  {males)  1854-1903. 
fatnlit)/  rates. 


(Jraduation  of 


Actual 

Actu;il 

Age  group. 

jiercentiige 

fatality 
observed. 

Calculated 
(1)* 

Calculated 
(2).* 

Age  group. 

percentage 

fatality 
observed. 

Calculated 
(I).* 

Calculated 

6—10... 

21 



0-3 

41—45  ... 

381 

40-4 

39-3 

11—15.. 

3-8 

5-3 

42 

46—50  .... 

44-2 

46-3 

45  5 

16—20... 

9-6 

11-2 

9-2 

51—55  .... 

39-8 

521 

51-5 

21—25... 

13-3 

17-0 

14-8 

56—60  .... 

57-4 

58-0 

57-0 

26—30... 

25-4 

22-9 

20-7 

61—65  .... 

56-5 

63-8 

61-4 

31—35.... 

29-9 

28-7 

26-8 

66—70  ... 

64-3 

69-7 

621 

36— 40..  . 

37-8 

34-6 

33-0 

70  

GOO 

75-5 

*  (1)  Gives  ordinates  of  tlie  line  5^  =  5-8476  x  —  7'1130,     y  measured  from 
30  per  cent.  ;  origin  of  x  mid  point  of  group  26 — 30.     (2)  Gives  ordinates  of 

X      \  1-2474     /,  X     \ -08359 

•79T4J 


the  skew  curve  y  =  62'7ll  fl  +        ^     y'2474    /    _ 
^  \         11-801/  \ 


LTH 


Table  XIX. — Age  constitution  of  the  male  cases  of  pneumonia  admitted 
1899-1903  (1,094  cases)  compared  luith  the  age  constitution  of  the  male 
inhabitants  of  Stepney. 

[Numbers  reduced  to  percentages.] 


Ai^e  group. 

Pneumonia 
patients. 

Inhabitants  of 
Stepney. 

Age  group. 

Pneumonia 
patients. 

Inhabitants  of 
Stepney. 

0—  4 

5—  9 

10—14 

15—19 

20-24 

25—29 

30—34 

10-05 
12-07 
11-61 
15-90 
12-34 
8-78 
713 

13-23 

11-23 

10-15 

9-84 

10-45 

9-21 

7-91 

35—39 

40—44 

45—49 

50—54 

55—59 

60—64 

64 

6-76 
5-30 
3-29 
2-93 
1-83 
110 
0-91 

6-87 
5-60 
4-37 
3-78 

2-58 
2-12 
2-64      ■ 

Table  XX. — Pneumonia  fatality  statistics. 
Data  other  than  hospital  records. 


Ages. 


Total  number  of  cases. 


Males.  Females, 


Number  of  deatlis. 


Males. 


Females. 


Percenta<re  fiitalitv. 


Males. 


Kemales. 


A.   Collective  Investigation  Committee  of  Brit.  Med.  Assoc* 


—10 

107 

59 

9 

4 

8-4 

6-8 

11—20 

144 

74 

6 

8 

4-2 

10-8 

21—30 

143 

72 

15 

12 

10-5 

16-7 

31—40 

110 

56 

23 

12 

20-9 

21-4 

41—50 

90 

31 

31 

7 

34-4 

22  6 

51—60 

47 

24 

16 

9 

34-0 

37o 

61—70 

35 

24 

11 

9 

31-4 

37-5 

71—     

11 

12 

6 

8 

54-6 

66-7 

Totals  .... 

687 

352 

117 

69 

17*0 

19-6 

*  0.  I.  R.,  ii,  29. 


the  London  nospiiai. 


*  Biometrika,  Vol.  vi.  p.  377. 
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Table  XX  Contd. — Pneumonia  fatality  statistics.  % 


Asres. 


Total  number  of  cases. 


Males. 


Females. 


Number  of  deatbs. 


Males. 


Females. 


Percentage  fatality. 


Males. 


Females. 


B.  Ver sicker  ling  spJlicMige  Mitglieder  of  the  Leipzig  KranTcenJcasse.* 

—15 25 

0 

15—19 1       596 

— 

23 

— 

3-9 

— 

20—24 

459 

— 

32 

— 

7-0 

— 

25—29 

438 

— 

56 

— 

12-8 

— 

30-34 

417 

— 

50 

— 

12-0 

— 

35—39 

392 

— 

61 

— 

15-6 

— 

40—44 

361 

— 

62 

— 

17-2 

— 

45—49 

281 

— 

57 

— 

20-3 

— 

50—54 

187 

— 

47 

— 

25-1 

— 

55—59 

130 

— 

43 

— 

33-1 

— 

60—64 

93 

— 

34 

— 

366 

— 

65—69 

55 

— 

22 

— 

40-0 

— 

70-     

38 

— 

13 

— 

34-2 

— 

Totals  .... 

3,471 

— 

500 

— 

14-4 

— 

*  Krankheitsverhdltnisse  f.  Leipzig,  ^c.     Berlin :  Hejmann,  1910. 


Table  XXI. — i.  London  Hospital  pneumonia  statistics  {males  1854-1903). 
Regrouped  to  admit  of  comparison  loith  the  Leipzig  data. 


Ages. 

Cases. 

Deatlis. 

Percentage            . „ 

fatality!             ^-^^■ 

Cases. 

Deatlis. 

Percentage 

fatality. 

—  4.. 
5—  9.... 
10—14.. 
15—19... 
20-24... 
25—29.... 

281 
385 
362 
545 
471 
412 
325 
310 
253 

45 
12 
13 
40 
61 
96 
101 
109 
99 

16-01 

312 

3-59 

7-34 

12-95 

23-30 

31-08 

3516 

39-13 

45—49  .... 
50—54  .... 
55—59  ... 
60—64  .... 
65—69  .... 
70  

170 
132 
74 
50 
19 
12 

62 
60 
43 
26 
10 
8 

36-47 
45-45 
58-11 
52-00 
52-63 
66-67 

30-34.. 
35—39.. 

40—44.... 

3,801 

785 

— 

iL  Comparison  of  London  Hospital  and  Leipzig  fatality  rates  for  five 

large  groups. 


Age  group. 

Difference. 

Probable 

error  of 

difference. 

Uatio  of 
difference 

and 

prol)al)le 

error. 

4-53 
5-94 
9-36 

Age  group. 

Difference. 

Probable 

error  of 

difference. 

Ratio  of 
uifference 

and 

probable 

error. 

20—24... 
25—29.... 
30—34.... 

5-98 
10-51 
19-09 

1-32 
1-77 

2-04 

35—39  .... 
40—44  .... 

19-60 
21-96 

2-2  L 
2-46 

8-87 
8-93 

1911. 1         of  the  Lower  Extreriiitij  and  of  Lobar  Pneumonia. 
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Table  XXII. — Oraduation  of  the  Laipzig  fatality  rates. 

Column  (1)  gives  tlio  obsorvod  pcrcontagos. 

Column  (2),  orclinales  of  tiie  best  straight  lino,  viz.,  Y  =  3-74  +  3"144X,  where 

Y  is  moasuivd  I'rom  the  fatality  at  ages  15— 19,  and  the  utn't  of  X  is  5  jears. 
Colinnn  (3),  oi-dinatcs  of  tho  skew-curve.     //  =  3-3919(j;-f  13-2683) '■""<"( -j7)-'0''Ji. 

Origin  at  the  end  of  the  range,  which  extends  from  11-2  to  77-6  jears,  the 

unit  being  5  years. 


Ages. 

(1.) 

(2.) 

(3.) 

Ages. 

(1.) 

(2.) 

(3.) 

—15.... 

0 

0-60 

0  74 

45—19  .... 

20-28 

22-61 

22-58 

15-19.... 

3-86 

3-7t 

3  73 

50—54  .... 

25-13 

25*75 

25-96 

20—24.... 

6-97 

689 

676 

55-59  .... 

3808 

28-90 

29-45 

25—29... 

12-79 

10-03 

9-83 

60—64  .... 

36  56 

3204  . 

33-15 

30—34... 

11-99 

13-18 

12-93 

(55-69  .... 

40- UO 

35-18 

37-19 

35—39... 
40—44 ... 

15-56 
17-17 

16-32 
19-46 

16-09 
19-30 

70-      .... 

34-21 

38-33 1 

41-97 
(ages  70—74) 

ITIl 

i 


Table  XXIII. — Statistics  of  the  Seraphim  Hospital^  Stockholm,  1840-55 

{IIuss.) 


All  cases. 

lExclud 

}ig  patients  admitted  in  a 
moribund  state. 

Ages. 

Number 
of  cases. 

Number 
of  deaths. 

Percentage 
lalality. 

Ages. 

Number    j    Number 
of  cases.      of  deaths. 

Percentage 
fatality. 

5—10... 

9 

1 

11-1 

5—10  .... 

9             1 

11-1 

10—20.... 

233 

18 

7-7 

10—20  ... 

229           14 

6-1 

20—30.... 

1,064 

84 

7-9 

20—30  .... 

1,0U     !       61 

5-9 

30—40.. 

847 

128 

15-1 

30—40  ... 

816            97 

11-9 

40—50... 

382 

91 

23-8 

40—50  .. 

363            72 

19-8 

50—60.. 

131 

36 

26-9 

50—60  .... 

125            27 

21-6 

60—70... 

36 

14 

38-9 

60—70  ... 

29             7 

24-1 

70—80.... 

5 

3 

60-0 

70—80  .... 

4             2 

500 

Totals  ... 

2,710 

375 

13-8 

2,6i6     1     281 
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Table  XXIV. — Stockholm  cases  (lluss).     Sex  distrihiUion. 
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5—10 
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6 
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714 

284 

69 

16 

2 

1 

8 
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78 
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17 
5 
2 
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4-1 

5-3 
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24-6 

31-3 
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3 

34 
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102 

79 

56 

13 

2 

4-9 

6 
13 
19 
12 
10 

2 
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Discussion  on  Mr.  Greenwood  and  Mr.  Candy's  Paper. 

Mr.  Yule  said  he  had  much  pleasure  in  proposing  a  vote  of  thanks 
to  Mr.  Greenwood  and  Mr.  Candy  for  bringing  this  Paper  before 
the  Society.  The  authors  deserved,  indeed,  a  particularly  hearty 
vote  of  thanks  because,  judging  from  the  conclusion  of  the  Paper,  they 
seemed  to  feel  somewhat  depressed  at  the  lack  of  definiteness  in  their 
results ;  they  suggested  that  their  enquiries  had  been  in  some  direc- 
tions barren,  with  the  result  that  Mr.  Greenwood  and  his  colleague 
had  by  no  means  realised  the  expectations  with  which  they  embarked 
on  the  enquiry.  But  the  value  of  a  paper  ought  not  to  be  judged 
simply  from  the  definiteness  of  the  results  obtained.  They  had  at 
the  London  Hospital  a  record  of  unequalled  length  as  regards  the 
data  afforded.  It  had  no  doubt  occurred  to  many  that  such  data 
required  investigation,  that  a  number  of  useful  and  interesting 
results  ought  to  be  deduced  from  such  data ;  but  nobody  seemed 
to  have  undertaken  the  task  of  investigation,  and  it  was  left  to 
Mr.  Greenwood  and  his  colleague  to  undertake  this  research. 
They  could  not  tell  until  the  enquiry  had  made  considerable 
progress  how  far  the  data  would  show  striking  changes,  or  how  far 
they  might  only  give  results  of  most  doubtful  interpretation.  It 
was  a  great  deal  to  have  at  least  exhibited  clearly  what  were  the 
difficulties  in  interpreting  such  data,  and  possibly  to  suggest  some 
directions  in  which  they  might  be  improved  for  comparative 
purposes.  How  great  were  the  difficulties  of  comparison  was 
illustrated  by  passage  after  passage  in  the  Paper.  First,  there 
were  difficulties  arising  from  the  selective  character  of  the  data. 
The  patients  were  selected  from  a  special  social  class;  and  the 
intensity  of  such  selection  might  have  changed  during  the  very 
long  period  under  review.  As  stated  at  the  beginning  of  the 
Paper,  the  percentage  of  labourers  recorded  in  the  admission  books 
was  23  per  cent,  at  the  beginning  of  the  period,  and  17  per  cent,  at 
the  end.  But  this  difference  was  fairly  considerable — nearly  one- 
third  of  the  latter  figure — and  it  certainly  raised  some  doubt  how 
far  the  data  at  the  beginning  and  the  end  of  the  period  were  strictly 
comparable  as  regards  social  class.  Again,  there  was  a  certain 
selection  of  cases,  probably  to  an  unknown  extent,  according  to 
severity ;  the  less  severe  cases  might  not  have  gone  to  the 
hospital.  There  was,  again,  apparently  the  possibility  of  selection 
according  to  sex,  so  that  one  sex  might  not  appear  in  its 
proper  proportion,  e.g.,  in  pneumonia  cases.  Again,  the  methods 
of  diagnosis  had  changed,  and  were  no  doubt  much  better 
now  than  they  used  to  be ;  and  that  might  introduce  a  whole 
series  of  sources  of  error  in  making  a  comparison  over  a  long 
period.  Then,  again,  the  age  and  sex  composition  of  patients  might 
have  changed ;  and  that  introduced  a  further  source  of  difficulty  in 
comparison  between  the  beginning  and  the  end  of  the  period  under 
review  ;  ])ut  that  difficulty  could  to  a  certain  extent  be  obviated  by 
well-known  methods.     In  the  case  of  fractures  of  the  leg  there  was 
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iinother  difficulty  of  quite  a  difiereut  kind  to  which  attention  was 
drawn,  namely,  that  the  death  might  not  be  due  to  the  fracture,  but 
to  shock  ;  that  introduced  a  source  of  error  which  had  to  be  allowed 
for  in  some  way.  Again,  fractures  of  the  leg  might  be  excluded 
from  the  records  (of  amputation  cases)  in  certain  cases.  Finally, 
the  mere  case  mortality  might  be  misleading  as  a  guide  to  what  they 
actually  wanted  to  know,  viz.,  the  success  of  surgical  or  medical 
treatment,  because,  although  death  might  not  have  resulted,  it  did 
not  necessarily  follow  that  the  patients  were  discharged  as  thoroughly 
cured  in  the  olden  days  as  in  the  present.  Therefore  the  pro])leni 
of  comparison  bristled  with  difficulties.  Beyond  all  these  difficulties, 
but  by  no  means  the  least,  they  had  the  question,  which  the  authors 
had  dealt  with  at  considerable  length,  of  "  fluctuations  of  sampling," 
as  they  were  termed.  Even  if  the  general  conditions  remained 
precisely  the  same  from  year  to  year,  one  would  nevertheless  expect 
more  or  less  considerable  fluctuations  in  the  number  of  deaths  from 
any  cause  for  precisely  the  same  reasons  as  one  expected  variations 
in  the  proportion  of  sixes  in  throwing  dice.  The  magnitude  of 
such  fluctuations  in  the  case  of  dice-throwing  could  be  foretold  on 
theoretical  grounds ;  and  if  anybody  were  sceptical  as  regards  the 
theory  he  would  find  that  actual  experiments  had  been  carried  out 
for  checking  theory  by  making  long  series  of  throws.  In  certain 
forms  of  mortality  the  fluctuations  one  got  from  year  to  year  were 
measured  with  beautiful  accuracy  by  a  formula  based  on  the  simple 
theory  as  applied  to  dice-throwing.  A  very  good  case  was  one 
given  by  von  Bortkewitsch,  viz.,  the  numbers  of  deaths  in  certain 
German  Army  Corps  from  the  kick  of  a  horse  ;  it  was  a  particularly 
simple  case,  because  the  number  of  men  and  all  the  conditions  were 
fixed.  The  fluctuations  in  deaths  from  year  to  year  in  that  case 
were  measured  almost  precisely  to  the  second  place  of  decimals  by 
the  theoretical  formula.  But  that  simple  theory  did  not  apply  to 
the  ordinary  population  of  both  sexes  and  varied  ages,  even  in  the 
case  of  pure  accidents,  and  there  were  further  risks  in  applying 
it  when  dealing  with  many  causes  of  death  which  were  not  pure 
accident.  When  throwing  well-made  ordinary  dice  the  chance  of 
getting  a  six  was  approximately  the  same  for  every  die  at  every 
throw,  and  the  theory  was  simple.  But  if  one  had  a  lot  of  bad  dice, 
or  possibly  a  set  which  one  had  collected  for  one's  own  private 
purposes,  in  which  the  chance  of  throwing  a  six  with  certain  dice 
was  very  high  and  the  chance  of  throwing  a  six  with  others  was 
very  low  indeed,  and  one  used  a  handful  of  such  dice  for  throwing, 
the  fluctuations  in  the  proportion  of  sixes  thrown  would  not  be  that 
given  for  the  simple  case  of  perfect  dice.  The  population  subject 
to  the  risk  of  mortality  was  like  that  handful  of  heterogeneous  dice, 
for  the  two  sexes  and  individuals  of  different  ages  were  of  quite 
difl'erent  susceptibility  to  many  causes  of  death,  and  probably 
many  persons  even  of  the  same  age  and  sex  possessed  organically 
different  susceptibilities.  With  that  form  of  heterogeneity  the 
fluctuations  of  sampling  would  be  rather  less  than  would  be  expected 
in  the  simple  case.  But  suppose  that  while  the  dice  were  bad,  in 
the  same  sort  of  way,  one  took  them  up  dift'erently ;  suppose  one 
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began  by  making  a  series  of  throws  with  dice  which  were  loaded  so 
as  to  give  sixes  too  frequently,  then  one  went  on  to  another  series 
of  throws  with  dice  loaded  to  give  sixes  not  so  often  as  they  should, 
and  then  with  another  series  of  ordinary  good  dice,  and  one  pooled 
all  those  records  together.  In  that  case  one  would  get  a  much 
higher  fluctuation  in  the  proportion  of  sixes  than  if  one  had  used 
the  good  dice  throughout.  Again,  that  represented  what  happened 
in  the  deaths  from  various  .causes  from  year  to  year ;  in  one  year 
the  weather  might  be  favourable,  and  in  another  year  it  might  be 
unfavourable.  Again,  there  was  yet  another  cause  of  divergence 
from  simple  theory.  If  one  threw  one  die  and  one  got  a  six,  one 
was  no  more  likely  to  get  a  six  on  throwing  the  next  time.  But 
that  was  not  so  if  one  had  a  case  of  infectious  disease ;  if  one  had 
one  case  in  a  district  in  a  certain  period  one  was  more  likely  to  have 
another.  In  certain  forms  of  accident  even,  e.g.,  explosions  in  mines, 
if  thei'e  was  one  death  there  was  likely  to  be  more  than  one.  In 
such  cases  the  events  were  not  independent.  All  these  sources  of 
divergence  rendered  the  applicability  of  the  simple  theory  of 
sampling  to  test  the  significance  of  a  certain  death-rate  based  on  a 
limited  number  of  observations  exceedingly  difficult ;  the  subject 
required  a  great  deal  more  discussion  than  it  had  hitherto  received, 
and  he  was  very  glad  Mr.  Greenwood  and  Mr.  Candy  had  initiated 
such  a  discussion  in  this  Paper.  The  question  was  raised  nearly 
thirty  years  ago  by  Westergaard,  who  used  in  his  book  on 
mortality  the  simple  binomial  formula  for  testing  the  significance  of 
death  rates,  but  the  subject  had  not  received  much  attention  in 
other  quarters.  As  Mr.  Greenwood  had  very  well  stated,  the 
difficulties  were  objective  difficulties — to  determine  precisely  what 
they  wanted  to  know,  and  how  they  were  to  represent  the  case 
theoretically  in  order  to  obtain  some  mathematical  expression  for 
the  fluctuation  of  sampling  under  the  conditions  subsisting  in  fact 
and  not  in  the  usual  simplified  theory.  Even  in  one  of  the  authors' 
cases,  where  he  would  have  expected  a  better  result,  it  appeared 
that  they  had  not  got  by  any  means  the  fluctuations  of  the  simplest 
case  of  sampling  alone;  he  referred  to  Table  8,  "Fractures  of  the 
thigh,"  which  the  authors  passed  over  rather  briefly  in  one  para- 
graph l^ecause  the  fluctuations  in  the  fatality  were  so  great. 
Inconveniently  rather  for  theoretical  purposes,  the  numbers  in  the 
first  column  of  the  table,  on  which  the  mortality  was  based, 
fluctuated  a  great  deal  themselves,  so  that  no  great  weight  could 
be  attached  to  the  theoretical  result ;  but  so  far  as  the  figures  went, 
the  standard  deviation  of  the  observed  fatality  rates  was  about 
twice  as  great  as  would  have  been  expected  from  the  theory  of 
sampling  in  its  simplest  form.  Why  did  the  fatalities  fluctuate  so 
much  in  that  case  "l  Had  Mr.  Greenwood  any  reason  to  suggest  ? 
He  would  also  like  to  ask  one  question  with  regard  to  the  method 
used  for  excluding  cases  of  simple  fracture  where  death  might  be 
due  to  shock.  About  what  proportion  of  cases  had  to  be  excluded 
owing  to  death  taking  place  during  the  first  three  days,  and  had 
that  proportion  greatly  changed  during  the  long  period  under 
review  'i 
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Dr.  DuDFiKLi),  in  secondiiip;  the  vote  of  thanks,  said  he  agreed 
with  Mf.  Vnle  that  the  thanks  of  the  Sf)oiety  were  the  more  due  to 
the  authors  in  that  they  liad  suhniitted  their  Paper  in  spite  of  the 
disappointing  results  which  they  had  obtained  from  their  inquiry, 
[le    thought    the    time    had    come    for    S3'stemati('   examination    of 
hospital  statistics.     The  lesults  of  the  examination  of  the  records 
of    the    Glasgow    Infirmar}^    had    been    recently    published,   and 
had   been   noted  in    the  January  issue   of   the  Journal.     Without 
wishing  to  question  the  authors'  right  to  decide  how  they  should 
deal    with    their    data,    he    had    one    criticism    to    ofler    on    the 
method  adopted,  a  criticism  based  on  medical  rather  than  statistical 
grounds.       He    thought   that   the   grouping   of    the    periods    was 
unfortunate  in  that  such  grouping  had  been  made  without  reference 
to  the  epochal  periods  of  medicine  and  surgery.     Having  regard 
to  the  great  changes  in  surgery  brought  about  by  the  introduc- 
tion of  anaesthetics  and  "  Listerism,"  i.e..,  antiseptic  (or  preferablj^ 
"  aseptic ")  methods   of  treatment,   he   would   have  liked  to  have 
seen    the   data   relating  to  fractures  grouped  into   periods  M^hich 
contrasted  the  results  obtained  before  and  since  those  changes.     In 
the  old  days  when  such  injuries  were  dealt  with  without  anaesthetics, 
shock,  apart  from  that  due  to  the  injury  itself,  played  no  small 
part  in  the  after  history  of  the  case.     The  treatment  of  compound 
fractures  prior  to  aseptic  surgery  yielded  very  different  results  to 
those  now  obtained.     Even  with  the  arrangement  adopted  by  the 
authors,  the  figures  given  in  Table  I  (simple  fractures)  and  Table  XH 
(compound  fractures)  indicated  that  such  improvements  in  treatment 
had  not  been  without  effect  on  the  fatalities.    Turning  to  pneumonia, 
the  change  in  the  method  of  treatment  had  been  nearly  as  important, 
bleeding,   which  was   the  rule,  being   now  practically  abandoned. 
Instead    of    doing   everything   which    might    lower   the   patient's 
resistance  to  the  disease,  every  effort  was  made  to  strengthen  his 
powers  of  resistance.     That  change  in  treatment  he  believed  might 
be  said  to  have  been  introduced  somewhere  between  1855  and  1865. 
But  no  matter  how  the  data  wxre  handled  there  still  remained  a 
question  as  to  the  value  of  the  data  themselves.     The  authors  said 
that  the  diagnoses  on  which  their  figures  were  based  had  been  taken 
from  the  "admission  books."     It  was  desirable  to  know  who  kept 
those  books,  and  what  diagnosis  had  been  entered  therein.     Was  it, 
the  diagnosis  made  on  admission  to  the  hospital  ?     Or  was  it  the 
diagnosis  made  after  observation  of  the  case  1     The  two  were  very 
frequently  quite  different.     He  might  observe  parenthetically  that 
the  two  diseases  chosen  for  examination  were  not  diseases  in  which 
the  fatality  was  deemed  to  be  high,  certainly  not  in  the  case  of 
healthy  young  adults.      The  distribution  as  regards  sex  and  age 
was,  he  thought,  vitiated  by  two  facts.     In  the  first  place,  it  was 
common  knowledge  that  men  were  more  ready  to  avail  themselves 
of  institutional  treatment  than  women.     To  some  extent  that  was 
due,  in  all  probability,  to  the  desire  to  preserve  the  life  of  the 
breadwinner  of  the  family,  whose  death  meant  the  break-up  of  the 
home,  which  could  be  carried  on  somehow  even  after  the  death  of 
the  mother.     Moreover,  the  mother  if  she  remained  at  home  could 
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do  something  to  keep  the  home  in  order  during  her  illness,  unless 
she  were  very  seriously  incapacitated.  Ages  and  occupations  were 
well-known  to  be  very  unreliably  stated,  especially  by  hospital 
patients.  It  seemed,  indeed,  that  all  statistical  data  in  connection 
with  hospitals,  except  the  actual  diagnoses,  or  what  were  better 
still,  post  mortem  examination  results,  required  to  be  dealt  with 
very  circumspectly. 

Mr.  Greenwood  in  reply,  having  thanked  Mr.  Yule  and 
Dr.  Dudfield  for  their  kind  remarks,  said  the  object  of  the  Paper 
had  been  entirely  fulfilled  by  what  they  had  said.  The  fact  was 
that  hospital  statistics  were  in  many  respects  bad,  but  all  the 
statistical  knowledge  that  the  medical  student  received  was  based 
entirely  on  those  statistics ;  for,  in  the  ordinary  text-book  which  a 
young  man  going  in  for  medicine  read,  the  statistics  of  the  fatalit}' 
of  disease  were  taken  from,  say  Smith's  series  at  St.  Bartholomew's, 
or  Jones's  series  at  the  London  Hospital,  and  so  on.  It  was  therefore 
necessary  to  examine  them.  Another  point  was  that,  until  one 
examined  them  at  some  length  and  produced  cut  and  dried  evidence 
as  to  where  they  were  bad  and  might  be  improved,  they  were  not 
going  to  be  improved.  The  class  of  statistics  discussed  in  the  Paper 
was,  perhaps,  the  best  of  them,  strange  as  it  might  sound.  If  one 
took  the  statistics  dealing  with  the  inheritance  of  disease  they 
seemed  to  a  statistician  perfectly  humorous  in  their  badness,  and 
he  did  not  believe  they  would  ever  be  improved  till  some  body  like 
that  Society — perhaps  by  means  of  a  committee  on  the  subject — 
made  some  pronouncement.  Most  hospital  administrators  would 
naturally  retort  to  critics  of  their  records,  "  You  are  abusing  these 
things,  but  why  don't  you  look  into  them  1 "  Nobody  ever  looked 
into  them  or  proposed  any  reform  in  the  system.  AVith  regard  to 
the  points  raised  by  Mr.  Yule,  they  were  purely  on  the  statistical 
side,  and  they  were  therefore  to  him  personally  of  extreme  interest. 
Mr.  Yule  and  he  had  had  some  talk  over  the  Paper,  and  he  intended 
to  have  much  further  talk  with  him  on  the  subject.  The  problem 
of  random  dispersions  in  the  case  of  a  varying  probability  was  an 
exceedingly  troublesome  thing  to  deal  with  statistically,  but  was 
very  important,  not  so  much  in  the  cases  dealt  with  as  in  the  case 
of  acutely  infectious  diseases,  such  as  plague.  This  was  a  subject 
which  came  in  his  way,  for  he  had  had  to  investigate  the  statistics 
of  plague.  He  would  have,  for  instance,  returns  from  an  Indian 
province,  and  he  would  find  that  returns  from  certain  villages 
showed  a  much  greater  mortality  than  the  aA^erage  of  the  whole 
district  during  a  given  epidemic.  The  problem  was  whether  one 
could  attribute  this  to  local  conditions,  or  whether  it  was  an  error 
in  sampling.  Then  there  came  in  all  the  difficulties  which  Mr.  Yule 
had  raised.  His  impression  was  that  the  only  practicable  way  of 
dealing  with  the  point  was  to  treat  the  epidemic  as  a  series  of  tests 
with  the  different  sets  of  dice.  The  chance  of  death  or  of  infection 
must  be  a  function  of  at  least  two  variables ;  of  the  exhaustion  of 
susceptible  people,  and  of  the  change  in  the  virulence  of  the 
organism.     The  only  way  he   could  see  of  getting  at  it  for  the 
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pufposc^  of  .'I  })i;i(ti(}il  test  was  to  havc^  the  iiioi'tulity  from  tlift 
epideniic  (lividtMJ  up  into  very  slioit  iiitetvals  of  time,  and  to  com- 
pare the  rate,  so  to  speak,  for  each  week,  which  could  he  roughly 
j)arallelo(l  to  a  different  series  of  sets  of  dice.  The  [)0])ulatioji  at 
risk  each  week  and  the  chance  of  infection  during  that  week  lieing 
known,  it  was  possible  to  treat  the  figures  b}"  relatively  simple 
methods  which  he  need  not  go  into.  This  was  not  very  satisfactory 
from  the  mathematical  standpoint,  but  it  was  an  important  statistical 
pi'oblem  requiring  immediate  consideration.  With  regard  to  the 
fluctuations  of  the  statistics  of  thigh  fractures  which  Mr.  V'ule  had 
referred  to,  the  reason  he  did  not  feel  inclined  to  attach  much 
importance  to  them  was  the  enormous  variation  in  the  age 
distribution  from  decennium  to  decennium ;  he  strongly  suspected 
that  a  fracture  of  the  thigh  might  not  be  a  single  entity. 
Some  of  these  cases  were  fracture  of  the  neck  of  the  ])one 
in  old  people,  others  fracture  of  the  shaft.  Strictly  speaking, 
they  might  be  quite  different  classes  of  injury,  w^hich  could 
not  be  compared.  He  could  not  say  exactly  the  number  which  were 
excluded  by  the  three-day  rule,  but  it  was  not,  he  thought,  very 
large.  He  felt  quite  clear,  however,  that  something  of  that  sort 
nmst  be  done  because  of  the  question  of  shock.  AVith  regard  to  the 
points  raised  hy  Dr.  Dudfield  most  of  them  were  medical ;  and  he 
felt  a  certain  diffidence  in  replying  to  them,  because  although  he 
was  a  medical  man  in  the  technical  sense,  his  name  being  included 
in  the  Medical  Register,  he  did  not  think  any  "patients"  of  his 
could  now  be  seen  alive.  As  to  the  grouping  in  arbitrary  periods  of 
years  he  was  not  quite  clear  that  that  had  made  much  difference, 
because  those  great  improvements  in  medical  treatment  mentioned 
by  Dr.  Dudfield  (he  could  only  speak  with  regard  to  the  London 
Hospital)  had  not  been  introduced  at  any  hard  and  fast  period. 
To  take  Listerism  as  an  example,  at  the  time  he  (Mr.  Greenwood) 
was  a  student  ever3^one  practised  the  correct  ritual  ;  but  w^hen  his 
father  was  a  student,  thirty  to  forty  years  ago,  some  of  the  surgeons 
practised  the  proper  ritual  of  those  days,  with  the  carbolic  spray 
always  going ;  others,  he  believed,  practised  the  old  methods, 
operating  in  frock  coats  which  had  seen  maii}^  a  bloody  day  foi' 
years,  while  some  tried  a  half-and-half  procedure,  so  that  it  took 
many  years  for  the  process  to  become  generalised ;  and  he  did  not 
think  there  were  any  ver}^  sharp  chronological  lines  of  division. 
With  regard  to  the  treatment  of  pneumonia  he  would  have  thought 
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earlier  than  Dr.  Dudfield  suggested.  He  thought  it  went  out,  as 
far  as  routine  practice  was  concerned,  in  the  fifties.  As  to  diagnosis 
that  was  a  point  he  tried  to  look  into,  and  he  was  disposed  to  come 
to  the  paradoxical  conclusion  that  the  recorded  diagnosis  in  the  earlier 
days  might  be  more  accurate  than  at  present.  In  the  eighteenth 
and  early  nineteenth  centuries  the  house  staff,  as  it  was  now  called, 
was  non-existent ;  there  were  no  house  physicians  or  house  surgeons, 
])ut  there  was  a  resident  medical  officer,^   a  man   who  held  that 

'  The  apothecary  of  the  early  clays  ;  tlie  title  of  vesi'lent  ujedicul   ollicer 
was  first  used  in  1854. 
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appointment  often  for  years,  and  was  probably  a  fairly  experienced 
person.  If  one  looked  at  the  entries  in  the  old  registers  the  diagnoses 
often  contained  many  technical  words.  They  were  not,  he  thought, 
the  diagnoses  of  the  porter,  who  entered  what  occurred  to  him  at 
the  time.  He  suspected  that  they  were  either  made  b}^  the  surgeon, 
who  perhaps  attended  even  more  frequently  and  regularly  than 
now,  or  by  the  resident  medical  officer,  who  would  be  a  much  more 
experienced  person  in  the  long  run  than  the  house  staff  of  the  present 
day.  AVhen  one  came  to  modern  times  Dr.  Dudfield's  point  was 
extremely  sound ;  one  could  not  l)e  sure  how  far  diagnoses  were 
made  by  the  receiving  room  officers,  who  were  generally  young  men 
quite  freshly  qualified,  and  how  far  they  had  the  imprimatur  of  the 
physician  or  surgeon,  but  when  one  took  the  particular  diseases 
analysed  in  the  Paper  it  seemed  to  him  that  fracture  of  the  leg 
was  a  condition  which  any  fairly  experienced  person  was  likel}''  to 
diagnose  correctly  in  most  cases.  In  the  case  of  pneumonia,  not 
having  to  diagnose  cases  himself,  he  could  say,  with  arm-chair 
confidence,  that  it  seemed  a  fairly  easy  thing  to  diagnose  in  typical 
cases;  and  that  was  one  of  the  reasons  why  Mr.  Candy  and  he 
chose  those  two — on  the  ground  that  the  diagnosis  would  be 
moderately  easy.  He  quite  agreed  that  the  ages  were  probably 
very  inaccurate,  and  as  to  the  occupations  the  same  remark 
applied.  That  was  one  reason  why  he  suggested  that  17  per 
cent,  as  against  24  per  cent,  might  not  mean  a  very  great 
improvement.  The  occupations  seemed  to  be  rather  less  crudely 
analysed  in  the  hospital  admission  books  to-day  than  formerly. 
One  found  people  described  as  "  ])ricklayer's  labourers  "  or  under 
some  other  subdivisions.  So  far  as  he  could  judge,  a  person  now 
simply  described  as  "  labourer  "  was  not  doing  any  thing  in  particular. 
In  the  eighteenth  century  records  of  all  kinds  of  people  were  perhaps 
included  as  labourers  who  would  now  have  a  special  trade  description. 
Some  were  agricultural  labourers,  because  the  hospital  probably 
drew  on  a  larger  geographical  area  in  the  eighteenth  century  than 
it  did  now.  As  to  the  question  of  the  cause  of  death  after  fracture 
a  very  small  percentage  of  cases  should  perhaps  be  regarded  as  having 
died  as  the  direct  result  of  the  fracture.  Such  directly  conditioned 
deaths  might  result  from  fatty  emboli,  but  were  exceedingly  rare  : 
and  he  thoroughly  agreed  with  Dr.  Dudfield  that  hardly  anyone 
died  as  the  result  of  an  ordinary  fracture.  The  reason  why  so 
many  people  died  in  the  old  days  was,  as  far  as  he  could  judge, 
and  looking  at  the  matter  fi'om  a  modern  standpoint,  improper 
treatment.  The  curious  point  was  that  if  one  looked  at  the  old 
records,  which  gave  the  length  of  stay  in  the  hospital,  simple  fracture 
cases  were  kept  in  often  for  months,  sometimes  quite  colossal 
periods.  What  pr()l)a])ly  happened  to  them  was  that  they  became 
subject  to  bed-sores  and  got  into  an  unpleasant  condition  generally, 
l>ecoming  liable  to  catch  some  of  the  infectious  diseases  which  are 
said  trequently  to  have  ravaged  a  hospital  in  the  old  days.  These 
deaths  were  due  to  the  treatment  of  the  fracture,  not  to  the  fracture 
itself.  That  was  one  of  the  I'easons  why  Mr.  Candy  and  he  took 
those  cases,     That  sort  of  thing  did  not  happen  nowadays,  and  it 
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was  intcrcstiiig  to  measure  the  lesultant  saving  in  life.  U  was  not 
perhaps  entirely  owing  to  conscious  treatment,  but  partly  to  the 
demands  for  beds  in  a  hospital  that  they  did  not  keep  patients  in 
hed  longer  than  was  al)Solutely  necessary.  It  was  possible  that  the 
motive  for  emptying  the  beds  had  had  a  thoroughly  sound  ellect  on 
the  chance  of  recovery  in  fracture  cases.  In  the  old  days  there  did 
not  seem  to  have  been  nearly  so  much  pressure  on  the  space ;  so 
the  people  came  iu  with  a  fracture  and  stopped  in  bed  for  months, 
which  was  not,  in  most  cases,  good  for  them.  He  was  very  sorry 
that  the  results  of  the  analysis  were  not  more  interesting,  but  he 
hoped  he  had  made  good  the  case  as  to  the  grounds  for  bringing 
forward  a  Paper  of  this  kind  at  the  Statistical  Society. 


ITH 


dertaken 

ordinary 

at  ion  can 


:ions 


and 


skewness, 
allow  of 


irs,  upon 
and  that 
of  more 


HARRISON    AND    SONS,    TRINTERS    IN    ORDINARY    TO    HIS    MAJKSTY,    ST.    MARIIN's   LANE. 


^  the  London  Hospital. 

f\  *  Biometrika,  Vol.  vi.  p.  377. 


je  sample 
and  some 
leral. 

D.C.W.) 
rtment  of 


I 


ROYAL    STATISTICAL    SOCIETY: 


AN    OUTLINE    OF    ITS    OBJECTS. 


The  Royal  Statistical  Society  was  founded  on  the  15th  of  March, 
1834,  in  pursuance  of  a  recommendation  of  the  British  Association 
for  the  Advancement  of  Science,  its  objects  Vjeinf^  the  careful 
collection,  arrang-ement,  discussion  and  publication  of  facts  bearing;- 
on  and  illustrating  the  complex  relations  of  modern  society  in  its 
social,  economical,  and  political  aspects,  especially  facts  Avhich 
can  be  stated  numerically  and  arranged  in  tables ;  and  also,  the 
formation  of  a  Statistical  Library  as  rapidly  as  its  funds  would 
permit. 

From  its  inception  the  Society  has  steadily  progressed.  It 
now  possesses  a  valuable  Library  of  about  50,000  volumes,  and 
reading  rooms.  Monthly  meetings  are  held  from  November  to 
June,  which  are  well  attended,  and  cultivate  among  its  Fellows 
an  active  spirit  of  investigation.  The  Papers  read  at  these  meetinfis, 
with  an  abstract  of  the  discussions  thereon,  are  published  in  the 
Journal,  which  now  consists  of  seventy-two  aimual  volumes,  and 
forms  of  itself  a  valuable  library  of  reference. 

The  Society  has  originated  and  statistically  conducted  many 
special  inquiries  on  subjects  of  economic  or  social  interest,  of 
which  the  results  have  been  published  in  the  Journal,  or  issued 
separately. 

To  enable  the  Society  to  extend  its  sphere  of  useful  activity, 
and  accomplish  in  a  yet  greater  degree  the  various  ends  indicated, 
an  increase  in  its  numbers  and  revenue  is  desirable.  With  the 
desired  increase  in  the  number  of  Fellows,  the  Society  will  be 
enabled  to  publish  standard  works  on  Economic  Science  and 
Statistics,  especially  such  as  are  out  of  print  or  scarce,  and  also 
greatly  extend  its  collection  of  foreign  works.  Such  a  well- 
arranged  Library  for  reference  as  would  result  does  not  at  present 
exist  in  England,  and  is  obviously  a  great  desideratum. 

The  Society  is  cosmopolitan,  and  consists  of  Fellows  and 
Honorary  Fellows,  together  forming  at  the  present  time  a  body 
of  about  nine  hundred  Members. 

The  annual  subscription  to  the  Society  is  Two  Guineas,  and 
at  present  there  is  no  entrance  fee.  Fellows  may,  on  joining'  the 
Society  or  afterwards,  compound  for  all  future  annual  subscrip- 
tions by  a  payment  of  Twenty  Guineas. 

The  Fellows  of  the  Society  receive  gratuitously  a  copy  of 
each  part  of  the  Journal  as  published,  and  have  the  privilege 
of  purchasing  back  numbers  at  a  reduced  rate.  The  Library 
(reference  and  circulating),  and  the  Reading  Rooms  are  open 
daily  for  the  convenience  of  Members. 


Nomination  Forms,  with  any  further  information, will  be  furnished 
on  application  to  the  Assistant  Secretary,  Royal  Statistical  Society, 
9,  Adelphi  Terrace,  Strand,  W.C.,  London. 
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ROYAL   STATISTICAL   SOCIETY. 

LIST     OF    PUBLICATIONS. 


^ote. — Sets  or  separate  numbers  of  the  Journal,  or  of  the  other 
publications  of  the  Society  (if  not  out  of  print),  can  be  obtained  at  the 
Offices  of  the  Society,  or  through  any  bookseller.  Fellows  may  purchase 
these  publications  at  a  reduced  rate. 

Price. 
Journal  (published  quarterly) — 

Vols.  1—72.     8vo.     1838-1909   55.  each  part.* 

Journal  (published  monthly  during  the  session) . 
New  Series — 

Vol.  73.     1910 2s.  GcZ.each  part. 

General  Analytical  Index  to  Vols.  1 — 71  of  the 
Journal  (1838-1908).     In  5  parts.     8vo.— 

(i)  Vols.  1—15  (1838-52)  7s.  U. 

(ii)  Vols.  16—25  (1853-62) 10^-. 

(iii)  Vols.  26—35  (1863-72) 35.  Qd. 

(iv)  Vols.  36—50  (1873-87) 35.  Qd. 

(v)  Vols.  51— 71  (1888-1908) 'ds.  M. 

Subject-Index    to    the    Journal,    Vols.    28 — 57, 

1865-94 l5.  U, 

Reports  of  the  Committee  appointed  20th  ISTo- 
vember,  1900,  to  inquire  into  the  statistics 
available  as  a  basis  for  estimating  the  pro- 
duction auv..  consumption  of  meat  and  milk 
in  United  Kingdom ;  with  observations  by 
Mr.  R.  H.  Rew.     8vo.     1904 Is. 

Catalogue  of  the  Library — 

573  pp.     Cloth,  super  royal  8vo.     1884 IQs. 

Index  to  the  Catalogue  of  1884 — 

372  pp.     Cloth,  super  royal  8vo.     1886    ...  IO5. 

Catalogue  of  the  Library — 

276  pp.     Cloth,  8vo.     ]908 lOs.^d. 

Jubilee  Volume — 

XV +  372  pp.     Cloth,  8vo.     1885   \0s.  Qd. 

List  of  Fellows,  containing  the  Rules  and  Bye-Laws  of  the 
Society,  and  corrected  annually  to  31st  July,  is  issued 
gratuitously. 
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A     BIOMETRIC     STUDY     OF     PHAGOCYTOSIS     WITH 
SPECIAL  REFERENCE  TO  THE  ''OPSONIC  INDEX." 

SECOND   MEMOIR.     ON   THE   DISTRIBUTION   OF   THE 

MEANS   OF   SAMPLES. 

By  M.  GREENWOOD,  Junr.,  and  J.  D.  C.  WHITE. 

(From  the  Statistical  Laboratories  of  the  Lister  Institate  of 
Preventive  Medicine  and  the  London  Hospital.) 

In  a  recent  memoir*  we  communicatev^  the  results  of  an  analysis  undertaken 
with  the  object  of  throwing  light  on  difficulties  associated  with  the  ordinary 
method  of  estimating  opsonic  indices.  The  main  results  of  that  investigation  can 
be  summarised  in  the  following  way: 

(1)  Phagocytic  counts  have  pronouncedly  skew  frequency  distributions  and 
are  good  examples  of  Pearson's  skew  curves. 

(2)  The  means  of  small  samples  have  likewise  a  skew  distribution. 

(3)  The  use  of  a  thicker  bacillary  emulsion  while  diminishing  the  skewness, 
does  not,  under  possible  experimental  conditions,  do  so  sufficiently  to  allow  of 
testing  on  the  basis  of  a  Gaussian  curve. 

With  respect  to  (2),  we  pointed  out  that  results  based,  as  were  ours,  upon 
samples  extending  in  no  case  to  more  than  2000  cells,  were  provisional  and  that 
we  intended  to  re-investigate  this  part  of  the  subject  with  the  help  of  more 
adequate  material. 

The  present  memoir  comprises  a  study  of  the  distribution  of  a  large  sample 
of  phagocytic  cells,  the  distributions  of  the  means  of  sub-samples  and  some 
preliminary  contributions  to  the  problem  of  mean  distributions  in  general. 

The  basis  of  this  work  is  a  count  of  20,000  cells  made  by  one  of  us  (J.  D.  C.  W.) 
who  had  had  18  months'  previous  experience  in  the  Inoculation  Department  of 

the  London  Hospital. 
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In  undertaking  this  large  count,  those  methods  were  adopted  which  are  usually 
advised  in  the  preparation  of  films.  The  mixture,  to  be  subsequently  placed  on 
the  slides,  was  made  up  of  three  equal  parts,  (1)  serum,  (2)  corpuscles,  (3)  bacterial 
emulsion.  The  first  two  were  derived  from  the  operator  and,  in  the  case  of  the 
corpuscles,  care  was  taken  that  they  should  be  equally  distributed,  the  upper 
portion  of  the  centrifugalised  blood  being  taken  off  and  thoroughly  mixed  in  a 
small  tube.  The  bacterial  emulsion  was  prepared  as  usual  and  carefully  mixed  so 
as  to  secure  the  greatest  possible  homogeneity.  Since  we  desired  a  large  count  of 
a  homogeneous  character,  not  a  comparison  of  different  mixtures,  it  was  decided 
to  use  one  pipette  only,  but  of  larger  calibre  than  usual,  in  order  to  secure  the 
greater  amount  of  mixture  requisite  for  the  preparation  of  a  large  number  of 
slides.  This  pipette  was  throttled  for  ease  of  manipulation.  The  proportions  of 
the  three  materials  were  carefully  mixed  and  the  pipette  placed  in  an  incubator 
for  fifteen  minutes,  the  emulsion  having  been  designed  to  give  an  average  of  three 
to  four  bacilli  per  cell.  The  pipette  was  slightly  rotated  from  time  to  time  in 
order  to  keep  the  corpuscles  from  settling.  Sufficient  slides  being  in  readiness, 
the  pipette  was  withdrawn  from  the  incubator,  the  contents  again  thoroughly 
mixed,  and  films  were  prepared  as  quickly  as  possible.  These  were  then  stained 
with  Aniline  Fuclisin  and  Methylene  Blue ;  thereafter  cover-slips  w^ere  applied 
with  Canada  Balsam  to  preserve  the  slides  during  the  process  of  counting.  The 
general  quality  both  of  films  and  staining  was  exceedingly  good,  very  few  slides 
being  of  an  inferior  character. 

The  counting  of  so  large  a  number  of  cells  as  20,000  was;  needless  to  say, 
sufficiently  laborious,  especially  in  regard  to  the  leucocytes  containing  more  than 
10  bacilli  apiece.  Reasonable  accuracy  was  found  possible  up  to  15  and  the  few 
cells  containing  more  than  this  were  marked  16.  A  mechanical  stage  was  used — 
the  only  method,  in  the  operator's  opinion,  which  can  secure  that  the  same  cell 
shall  not  be  counted  twice  over.  The  only  cells  omitted  were  those  the  outline  of 
which  was  indistinct,  or  where  for  any  reason,  e.g.  the  clumping  of  cells  or  bacilli, 
it  could  not  be  determined  how  many  bacilli  lay  in  an  individual  cell ;  the  possible 
error  introduced  by  this  latter  criterion  will  be  discussed  below. 

Definite  fragments  of  bacteria  were  counted  as  bacteria ;  so  also  were  bacilli  in 
definite  contact  with  the  periphery  of  cells.  In  order  to  avoid  mental  prejudice, 
addition  of  the  rows  of  figures  was  postponed  generally  for  days  and  always  at 
least  until  the  end  of  the  day's  work.  In  this  way  20,000  cells  were  counted  in 
the  course  of  about  a  month,  with  occasional  intervals.  The  sheets  of  figures  were 
then  taken  and  the  totals  of  successive  twenty- fives,  fifties  and  hundreds  were 
determined  ;  tiien  the  frequency  of  each  number  per  cell  on  each  sheet  of  500  cells 
was  tabulated,  this  latter  process  incidentally  eliminating  any  arithmetical  mistakes. 
The  frequencies  on  each  of  the  forty  sheets  were  then  added  together  and  the  total 
frequency  obtained. 

The  actual  distribution  of  the  twenty  thousand  cells  is  set  forth  in  Table  I. 
Proceeding  to  fit  a  curve,  without  using  Sheppard's  corrections,  the  constants  of 
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Table  II  woie  obtaine<l  and  Graph  1  shows  the  theoretical  curve  and  observations. 
It  is  evident  that,  although  the  curve  represents  the  general  trend  of  the  observa- 
tions with  fair  accuracy,  the  goodness  of  fit  as  evaluated  in  the  ordinary  way  is 
poor.     This  matter  appears  to  require  comment  and  explanation. 


TABLE  L 

Actu'il  Frequencies  of  2(),C00  Cells,  together  with  Corrected 
Values  determined  on  the  Basis  of  a  Random  Count  of 
2,000  Cells  from  the  same  Material.     (See  p.  509  infra.) 


Number  of 

Bacilli  per 

Cell 

Original 
Value 

Corrected 
Value* 

0 

1428 

1402-75 

1 

2633 

2636-57 

2 

3351 

3355-55 

3 

3556 

35G0-83 

Jf 

2807 

2810-81 

5 

2.  38 

2040-77 

6 

1430 

1431-94 

7 

1031 

1032-40 

8 

658 

658-81) 

9 

407 

407-55 

10 

271 

271-37 

n 

163 

163-22 

12 

103 

103-14 

IS 

61 

61-08 

H 

37 

37-05 

15 

17 

17-02 

16 

9 

9-01 

'I'ot.il.s 

20000 

1991)9-95 

It  will  have  been  noticed  that  for  the  purposes  of  this  count  we  ilid  not  enumerate  cells 
which  contained  clumps  of  bacteria.  Our  reason  for  this  omission  was  that,  to  the  best  of  our 
knowledge,  workers  ordinarily  disregard  cells  the  contents  of  which  c<mnot  be  resolved  into 
definite  bacilli  or  fragments  of  bacilli,  and  we  were  most  anxious  to  use  data  so  far  cis  possible 
identical  with  those  employed  in  actual  practice.  It  was,  however,  subsequently  pointed  out  to 
us,  that  this  process  was  open  to  serious  objection  for  the  following  reasons.  In  the  first  place, 
some  workers  of  great  reputation  never  employ  for  diagnostic  purposes  mixtures  containing  an 
appreciable  number  of  clumps,  say  more  than  two  or  three  per  cent.  In  the  second  place,  tlie 
exclusion  of  clumps  would  tend  arbitrarily  to  heighten  the  proportion  of  cells  cont^iining  0  bacilli, 
since  cells  containing  clumps  must  be  regarded  as  possessing  a  phagocytic  power  at  lea«t  equal 
to  those  which  contain  one  bacillus  apiece;  indeed,  Harvey  and  McKendrick  have  adduced 
evidence  t  which  supports  a  belief  that  it  is  rather  the  number  of  bacteria  than  the  number  of 
acts  of  ingestion  which  should  be  taken  as  a  measure  of  phagocytic  power. 

*  1428  cells  with  0  bacilli  per  cell  will  occur  not  in  20,000,  hut  in  20,360;  hence  in  20.000  we  shall 
have  not  1428  but  1402-75,  the  excess  is  distributed  proportionally  among  the  other  groups  :  see  p.  oiV.i. 
t  Biometrika,  Vol.  vii.  p.  64. 
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TABLE   11. 
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Number  of  Bacilli. 
Graph  1.     Curve  of  20,000  cells. 

Constants  of  Fitted  Curve. 
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Recognising  the  force  of  this  objection,  it  was  decided  to  examine  the  effect  of  inchiding 
clumps  in  the  count.  To  this  end,  another  2000  cells  were  counted  on  the  slides  already  used 
and  clumped  cells  were  included.  Of  the  2000  cells  counted  in  this  way  36,  or  TB  \>er  cent., 
contained  clumi)ed  bacteria.  Now  if  we  allow,  as  seems  reasonable,  that  this  latter  enumeration 
was  a  fair  sample  of  the  population,  then  the  frequencies  in  our  20,000  cells  would  be  changed 
in  the  manner  shown  in  the  second  column  of  Table  I,  We  have  distributed  the  clumped  cells 
among  the  other  fre(iuencies  above  zero  in  accordance  with  the  proi)ortions  of  those  frequencies 
in  the  original  count,  since  the  small  number  of  clumped  cells  which  were  present  in  the  200^) 
did  not  allow  us  to  determine  the  true  proportion  of  clumps,  whether  mainly  of  two,  three, 
or  more  bacilli*. 

The  alteration  which  is  effected  by  this  correction  is  so  trifling,  that  our  erroneous  method  of 
counting,  if  it  be  considered  an  erroneous  method,  can  hardly  have  been  the  cause  of  the  poor 
fit  which  resulted,  and  we  have  not  thought  ourselves  justified  in  discarding  the  data  originally 
collected.     Some  other  source  of  the  poor  fit  must  be  looked  for. 

Other  possible  explanations  are : 

(1)  The  existence  of  heterogeneity  in  the  material  dependent  on  the  fact  that  cells  from 
different  parts  of  the  films  are  not,  or  may  not  be,  strictly  comparable  with  each  other. 

(2)  An  artificial  heterogeneity  dependent  on  the  process  of  counting,  other  than  that  already 
discussed. 

It  has  been  noticed  before  that  a  large  sample  of  material,  even  when  adequately  described 
by  a  frequency  curve  from  the  diagrammatic  point  of  view,  fails  to  satisfy  the  approved  test. 
Indeed,  many  statisticians  have  been,  as  Pearson  has  remarked,  far  too  easily  satisfied  with  the 
test  of  mere  inspection. 

Elderton  writes :  "  I  have  found  in  applying  the  test,  that  when  numbers  dealt  with  are  very 
large,  the  probability  is  often  small,  even  though  the  curve  appears  to  fit  the  statistics  very 
closely.  The  explanation  is  that  the  statistics  with  which  we  deal  in  practice  nearly  always 
contain  a  certain  amount  of  extraneous  matter,  and  heterogeneity  is  concealed  in  a  small 
experience  by  the  roughness  of  the  data.  The  increase  in  the  number  of  cases  observed  removes 
the  roughness,  but  the  heterogeneity  remains.  The  meaning,  from  the  curve-fitting  point  of 
view,  is  that  the  experience  is  really  made  up  of  more  than  one  frequency  curve,  but  a  certain 
curve,  approximating  to  the  one  calculated,  predominates  t." 

It  will  have  been  noticed  that  the  poverty  of  fit  is  mainly  due  to  the  cells  containing 
one  bacillus  being  in  defect  and  those  containing  three  in  excess ;  these  two  groups  have  added 
nearly  58  to  the  value  of  x'^.  Now  the  work  of  counting  is  excessively  monotonous,  and  after 
going  through  some  hundreds,  it  seems  impossible  to  escape  an  impression  that  a  (certain 
measui'ement,  say  3  bacilli  per  cell,  is  modal.  Hence  a  tendency  will  arise  to  place  any  doubtfuls 
within  that  particular  class.  If  the  count  be  limited  to  one  or  two  thousands,  the  error  so 
introduced  may  not  appreciably  affect  the  result,  but  it  will  do  so  if  the  data  run  to  many 
thousands,  since  the  same  percentage  deviation  in  a  large  as  in  a  small  experience  has  naturally 
a  much  greater  influence  on  the  fit. 


Number  of 
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1 

2 

4 

4 

7 

5 

2 

6 

5 
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8 
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3 

8 

6 

0 

9 

2 

t  Frequency  Curves  and  Correlation,  by  W.   Palin  Elderton,  p.  142. 
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The  only  prejudice  to  which  the  operator  seems  to  have  been — and  thinks  he  was— subject 
was  the  idea  which  impressed  itself  on  his  mind  during  the  count  that  the  number  of  3  bacilli 
per  cell  occurred  with  the  greatest  frequency ;  this  idea  may  have  inclined  him  to  welcome 
threes  with  undue  alacrity.  It  is  possible  that  this  may  have  helped  in  some  degree  towards 
producing  an  excess  of  threes  in  the  final  result.  The  operator  believes  that,  at  least  in  his 
case  the  auditory  sense  is  more  impressed  with  the  sound  of  numbers  containing  e's  and  t's, 
3  5,  9  than  witli  others ;  he  thus  tended  to  believe  that  these  numbers  occurred  more  frequently 
than  was  actually  the  case.  Evidently  the  truth  of  the  matter  cannot  be  exactly  known  until 
several  independent  observers  have  undertaken  the  same  large  count. 

We  have  already  mentioned  the  difficulty  regarding  clumps ;  another  point  is  as  to  whether 
some  gross  heterogeneity  were  produced  either  by  notable  differences  in  various  slides  or  by 
variations  in  the  method  of  counting  on  different  occasions,  differences  of  which  the  operator 
was  unconscious.  In  making  the  frequency  tables  just  considered,  there  emerged  necessarily  a 
rough  representation  of  a  frequency  curve  for  each  five  hundred  cells.  All  these  curves  showed 
a  rough  similarity  and  each  one  a  rough  regularity.  In  some  cases,  however,  the  regularity  was 
appreciably  less  than  in  others.  On  going  through  the  data  a  second  time,  the  groups  of  500 
which  showed  the  greatest  irregularities  were  excluded,  on  the  supposition  that  they  might 
represent  a  somewhat  lower  grade  of  accuracy  in  counting  and  might  have  introduced  a  gross 
heterogeneity  into  the  total  count.  The  application  of  this  criterion  led  to  the  exclusion  of 
5000  cells.     The  remaining  15,000  cells  were  then  analysed  as  before. 

Tables  III,  III  a  and  Graph  2  indicate  the  results  of  this  process.  There  is  a  slight  improve- 
ment in  the  fit,  but  the  change  is  not  pronounced.  It  can  hardly  be  said  that  the  results  justify 
the  exclusion. 


TABLE  III. 

Actual  Distribution  of  15,000  Cells. 


Bacilli 

Number  of 

Bacilli 

Number  of 

per  Cell 

Cells 

per  Cell 

Cells 

0 

1092 

9 

306 

1 

2008 

10 

203 

2 

2585 

11 

126 

3 

2632 

12 

69 

k 

2096 

13 

44 

5 

1518 

U 

24 

6 

1035 

15 

12 

7 

760 

16 

6 

8 

484 

Although  we  should  naturally  have  preferred  to  obtain  closer  fits,  the  result 
does  not  seriously  affect  the  value  of  our  material  for  the  purposes  of  the  present 
investigation.  It  is  clear  that  the  heterogeneity  is  not  caused  by  a  compounding 
of  Gaussian  distributions,  and  that  we  have  to  deal  with  markedly  skew  variation. 
We  sincerely  trust  that  some  other  workers  may  be  tempted  to  repeat  the  experi- 
ment.    Wo  now  turn  to  our  main  inquiry,  viz.  the  problem  of  sampling. 

The  20,000  cells  were  arranged  in  consecutive  25's,  50's  and  lOO's,  and  grouped 
as  shown  in  Table  IV.     In  each  case  the  group  is  an  inclusive  one,  thus  76—83 
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Graph  2.     Curve  of  15,000  cells. 
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TABLE   IV. 

Actually  Observed  Frequencies  of  the  Samples  from  20,000  Cells. 


Samples  of 

25 

Samples  01 

'  50 

Samples  of 

100 

Number  of 

Number  of 

Number  of 

Number  of 

Number  of 

Number  of 

Bacilli  per  Sample 

Samples 

Bacilli  per  Sample 

Samples 

Bacilli  per  Sample 

Samples 

U-  51 

1 

112—123 

2 

267—282 

2 

52—  59 

14 

124—135 

9 

283—298 

9 

60—  67 

38 

136—147 

21 

299     314 

4 

68—  75 

74 

148—159 

30 

315—330 

13 

76—  83 

128 

160—171 

58 

331—346 

29 

SJf-  91 

145 

172—183 

83 

347—362 

36 

92—  99 

147 

184—195 

71 

363—378 

34 

100—107 

113 

196—207 

64 

379—394 

34 

108—115 

74 

208—219 

31 

395—410 

15 

116—123 

37 

220—231 

15 

411—426 

11 

124—131 

19 

232—243 

10 

427—442 

5 

132—139 

7 

244—255 

3 

443—458 

3 

140—147 

2 

256—267 

1 

459-474 

1 

148—155 

0 

268—279 

0 

475—490 

1 

156—163 

0 

280-291 

1 

491—506 

2 

164—171 

0 

292—303 

1 

507—522 

1 

172—179 

1 

Totals 

1 

800 

400 

— 

200 

includes  samples  with  76  and  samples  with  83  bacilli  per  25  cells.  For  convenience 
of  calculation,  we  took  an  arbitrary  origin  and  unit  of  grouping  in  each  case.  In 
obtaining  the  moment  coefficients  Sheppard's  corrections  were  used  in  all  cases ; 
Table  V  gives  the  constants  and  equations,  Graphs  3,  4,  5  illustrate  the  curves. 

TABLE   V. 

Curves  Resulting  from  an  Analysis  of  the  20,000  Cells. 


Samples  of  25 
Sam) ties  of  50 
Samples  of  100 


Number  of 
Samples 


800 
400 
200 


Mean  (in  terms 

of  Bacilli  per 

Sample) 


92-04 

184-07 
367-02 


Mode  (in  terms 

of  Bacilli  per 

Sample) 


89-7488 
181-3964 
360-2632 


0"  (in  terms 
of  Bacilli) 


16-7184 
25-7496 
39-9824 


•1033  I  3-4321 
•1467  4-0907 
-3004  i  4-3500 


Material 


^'2 


Samples  of  25 
Samples  of  50 
Samples  of  100 


-1436  25-2068 
•0665  10-1436 
•1367     10-1723 

i 


^2-3 


Skewness 


13-60.33  -10-3220  I  9-5149  i  -4321  '1371 
6-0718  -  2-7070  6-2691  1-0907  -1066 
6-0862  i-  4-0483  ;  7-0316  ,  1-3500   -1840 


P(Fit) 


-9765 
-8673 
-1727 
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Equations 


y  =  23-428 


|_^  "^  9-514y^J 


-13-6034         10  3220tan->  -J^ 
X  e  '•*  5149 


Origin  at  2*6712,  where  39*5  bacilli  are  taken  as  0  and  8  l);icilli  per  25  cells  form  the  statistical 
unit  of  grouping. 

1-6-0718        27070  tan-i  _^ 
X  e  6-2691 


y  =  60-047 


[}  "^  "6-26912J 


Origin  at  4-87446,  105-5  bacilli  taken  as  0  and  12  bacilli  per  50  cells  as  the  statistical  unit  of 
grouping. 


y=18-117 


1  + 


_^    "I 
7 -031 6'^  J 


-70316         4-0483tan-i      *- 


X  e 


7  0316 


Origin  at  4-021598,  258-5  bacilli  taken  as  0  and  16  bacilli  per  100  cells  as  the  statistical 
unit  of  grouping. 
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Graph  4.     Curve  of  400  Samples  of  50. 


The  figures  below  the  abscissa  represent  opvsonic  indices  in  terms  of  the  mean  of 
the  whole  series.  That  is  to  say,  each  group  unit  was  translated  back  into  physical 
terms  and  then  divided  by  the  mean  number  of  bacilli  per  sample  for  the  whole 
count.  For  instance,  in  Graph  3,  the  abscissa  '9  was  really  5  in  statistical  units 
corresponding  to  :39'5  (the  origin)  +  5x8  bacilli  per  25  cells.  The  mean  is  92*04, 
therefore  the  opsonic  index  in  terms  of  the  mean  corresponding  to  this  abscissa 
.      79-5 


is 


9204 


=  -86  *. 


*  The  indices  as  plotted  are  only  aiven  to  the  nearest  first  decimal. 
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Objections  may  fairly  be  urged  against  this  process.  As  we  liave  previously  remarked,  the 
mean  is  theoretically  not  the  best  const<int  to  use  for  descriptive  purposes  in  the  cami  of 
markedly  skew  frequencies  and  we  suggested  the  mode  as  being  more  satisfactory.  Harvey  and 
McKendrick,  in  an  important  contribution  to  the  subject ■>*■,  have  alluded  to  this  point  and  remark 
with  justice  that  the  determination  of  the  true  mode  requires  calculation  l^)eyond  the  range  of  a 
laboratory  worker.  We  have  considered  whether  an  approximation  of  sufficient  accuracy  might 
not  be  found.  Pearson  has  shown  t  that  in  many  cases  a  good  enough  value  for  the  mode  is 
given  by: 

Mode-  Median  =  Twice  the  Distance  from  Mean  to  Median. 

Unfortunately,  however,  the  median  cannot  be  determined  with  sufficient  accuracy  in  the 
case  of  discontinuous  variates  such  as  phagocytic  counts.  Thus,  we  have  experimentally  no 
finer  measurement  than  the  integral  number  of  bacilli  per  leucocyte  ;  if  we  mass  in  a  group  all 
the  m  individuals  containing  the  same  number  of  bacilli  and  know  that  the  median  is  the  nth 

individual  in  that  group,  all  we  can  do  is  to  add  —  of  the  unit  of  grouping  to  the  next  lower 

771/ 

integral  group  measure.  This  is  not  nearly  close  enough  in  the  case  of  such  skew  distributions ; 
and  we  found  that  the  value  of  the  mode  thus  obtained  differed  materially  from  the  real  mode. 
It  was  not  therefore  possible  to  use  this  process  with  success  in  the  case  of  our  sample  curves. 
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Graph  5.     Curve  of  Samples  of  100. 
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We  next  treated,  for  purposes  of  comparison,  the  selected  count  of  15,000  cells 
in  a  similar  fashion.  Table  VI  contains  the  actual  frequencies,  Table  VI A  the 
constants  and  equations.  Let  us  now  consider  in  detail  points  suggested  by  these 
analytical  results.  The  values  of  P  show  that  in  all  cases  the  fit  is  close  except  in 
that  of  the  sample  hundreds.  It  appeared  to  us  probable  that  in  this  case  we  had 
adopted  too  fine  a  unit  of  grouping,  so  that  we  re-worked,  using  a  coarser  unit 
which  gave  11  groups,  with  the  following  result, 


2/ =  29-9734    1  + 


X' 


(4-4732y 


3-7028  tan-i  (a;/4-4732) 


which  gives  P  =  '232. 


f 


This  finding  confirms  the  suggestion  to  some  extent,  but  it  must  be  admitted 
that  the  lOO's  are  still  definitely  less  satisfactory  than  the  smaller  samples  ;  the 
explanation  of  this  is  not  clear.  Table  VI B,  which  gives  all  the  actual  and 
calculated  frequencies  reduced  to  a  common  scale,  will  show  the  reader  how  little 
change  was  effected  by  the  rejection  of  5000  cells. 


TABLE   VI. 


Actually  Observed  Frequencies  of  the  Samples  from  15,000  Cells. 


Samples  of  25 

Samples  of  50 

Samples  of  100 

Number  of  Bacilli 

Number  of 

Number  of  Bacilli 

Number  of 

Number  of  Bacilli 

Number  of 

per  Sample 

Samples 

per  Sample 

Samples 
1 

per  Sample 

Samples 

U-  51 

1 

112—123 

267—282 

2 

52—  59 

11 

124—135 

8 

283—298 

8 

60—  67 

29 

136—147 

15 

299     314 

3 

68—  75 

62 

148—159 

25 

315—330 

10 

76—  83 

98 

160  -171 

48 

331     346 

21 

84-  91 

115 

172—183 

66 

347—362 

27 

92—  99 

107 

184—195 

50 

363—378 

30 

100—107 

78 

196—207 

47 

379     394 

27 

108—115 

56 

208—219 

22 

395—410 

10 

116—123 

23 

220—231 

9 

411—426 

6 

124— IS  1 

15 

232—243 

6 

427—442 

3 

132—139 

4 

244—255 

1 

443—458 

1 

140—147 

1 

256—267 

1 

459—474 

0 

268—279 

0 

4:75-400 

0 

280—291 

1 

491—506 

2 

Totals 

600 

300 

— 

150 
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TABLE  VIA. 
Curves  Resulting  frotii  an  Analysis  of  15,000  Selected  Cells. 


Material 

Number  o 
Samples 

f 

M(!an  (in  terms 

of  13acilli  per 

Sample) 

Mode  (in  terms 

of  Bacilli  per 

Sample) 

(X  (in  terms 
of  Bacilli) 

^1 

P2 

Samples  of    25 
Samples  of    50 
Samples  of  100 

600 
300 

150 

91-1133 

182-2200 
363-5667 

89-0117 
179-4383 
360-1649 

16-3123 
24-5984 
37-0043 

•0457 

-0980 
•1019 

2-8211 
3-7994 
4-5418 

Material                   k2 

r 

m 

V 

a            ^^2  -  3 

Skewness 

P(Fit) 

Samples  of    25         -  -0702 
Samples  of    50       +  -0582 
Samples  of  100       +  -0292 

12-4217 
7-4301 

7-2109 
2-7151 

-3-0885 
-1-2890 

—      1-    -1789 
6-7230    +    -7994 
5-7783  ,  +  1-5418 

•1288 
-1131 
-0920 

-9966 
•7365  ' 
-2164  1 

/  ^       \  7-0048  /  ^        \ 

^=114-724  (l  +  ^-:j-g^)         [l-^^ 


X        \  12 -5157 


Equations : 

Unit  of  grouping  8  bacilli  per  25  cells.     39*5  bacilli  per  25  cells  taken  as  zero. 

1-7-2109  3  0885  tan -1 


y  =  45-045 


fi  ^-^A 

L    ^  6^72302j 


X  e 


X 

6-7230 


Origin  at  4'7217,  where  12  bacilli  per  50  cells  form  the  unit  of  grouping  and  the  zero  is  at 
105^5. 


y=26^445ri  +  ^,. 


5^77832  J 


-4-7151  1-2890  tan-i 

X  e 


X 


5-7783 


Origin  at  5^5642,  where  16  bacilli  per  100  cells  are  the  unit  and  the  zero  is  at  258-5. 

Next  as  to  the  agreement  between  the  theoretical  constants  of  the  curves  of 
means  and  their  empirical  values  as  above  determined.  Table  VII  gives  the 
calculated  values  of  ^i  and  B^  —  S  [assuming  that  where  n  is  the  number  of 
individuals  in  the  sample  and  ^i,  ^2  the  constants  of  the  original  distribution 

Bi=—  and  ^2  —  3  =  ^^^- — ]  together  with  the  actual  values. 


In  only  one  case,  that  of  the  25's  from  the  selected  15,000,  is  the  agreement  at 
all  possible.  "  Student,"  in  a  very  interesting  communication*,  has  suggested  that 
the  divergence  noted  by  him  in  our  previous  curve  of  80  means,  depended  on  the 
existence  of  homotyposis  in  the  samples.  This  suggestion  no  doubt  contains  some 
truth  and  could  be  satisfactorily  tested  by  mixing  up  our  individual  records  of 
leucocytes  and  drawing  really  random  samples.  We  have  not  felt  justified  in 
delaying  publication  of  our  results  until  we  could  find  leisure  to  undertake  this 
very  laborious  task,  particularly  as  other  factors  are  involved.  This  is  clear  from 
the  fact  that  the  divergence  is  more  marked  in  the  case  of  the  larger  samples 
which  must  be  less  influenced  by  homotyposis. 
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TABLE  VII. 


Number  in  Sample 

I>i  (empirical) 

I^i  (calculated) 

B'i-'S  (empirical) 

B2~'d  (calculated)  1 

(20,000  Count) 

25           

•1033 

•0415 

•432 1 

•0505 

50           

•1467 

•0208 

1  ^0907 

•0252 

100  (1st  curve)   ... 

•3005 

•0104 

1  ^3501 

•0126 

100  (2nd  curve)... 

•3142 

•0104 

1  ^4601 

•0126 

(15,000  Count) 

25           

•0457 

•0415 

-  ^1789 

•0494 

50           

•0980 

•0208 

•7994 

•0247 

100           

•1019 

•0104 

r5418 

•0124 

We  can  now  examine  the  accuracy  of  the  opsonic  method  in  the  way  attempted 
in  our  former  paper,  viz.  we  can  inquire  what  the  chances  are  of  obtaining  from  a 
"  population  "  of  means,  samples  giving  different  indices  in  terms  of  the  real  mean 
of  all  such  samples.  In  similar  cases,  it  is  usual  to  divide  the  frequency  curve 
into  a  series  of  equal  areas,  setting  up  ordinates  on  either  side  of  the  mean  or 
mode.  Since  this  elaborate  graphical  method  requires  the  services  of  a  specially 
skilled  draughtsman,  and  considerably  increases  the  cost  of  production,  we  decided 
to  adopt  the  plan  followed  in  our  last  paper.  A  considerable  number  of  additional 
ordinates  were  calculated  for  each  sample  curve  and  we  determined  the  area  from 
the  beginning  or  end  of  the  curve  up  to  specified  ordinates  which  corresponded  to 
indices  of  '6,  *7,  '8,  etc.  in  terms  of  the  mean.  From  these  areas  the  Tables  of 
Chances  (VIII,  IX,  X)  were  deduced. 

TABLE  VIII. 

Chances  of  Obtaining  Certain  Deviations  in  Index  Values. 


Opsonic  Index  in 

terms  of  the 

Mean 

Samples  of  25 

Fraction  of  the  Total 
Area  bounded  by  the 
corresponding  ordi- 
nate (Total  Area  =  1) 

Odds  against 
the  occurrence  of 
such  a  Deviation 

or  a  Greater 

'6 

•7 

•8 

'9 
I'l 
1-2 
I'S 

Beyond  the  limits  I'l^, — '6 

„             „           1'2 — '8 

•0089 
•0396 
•1276 
•2973 
•2740 
•1324 
•0558 
•0211 
•0300 
•0954 
•2600 
•5713 

111  to  1 
24-3  to  1 

6^8  to  1 

2^4  to  1 

2-7  to  1 

6^6  to  1 
16-9  to  1 
46^4  to  1 
32^3  to  1 

9-5  to  1 

2-9  to  1 

•75  to  1 

1 
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TABLE  IX. 

Chances  of  Obtaining  Certain  Deviations  in  Index  Values. 


Opsonic  Index  in 

terms  of  the 

Mean 

Samples  of  50 

Fraction  of  the  Total 
Area  bounded  by  the 
corresponding  ordi- 
nate (Total  Area  =  1) 

Odds  against 

the  occurrence  of 

such  a  Deviation 

or  a  Greater 

•7 

•8 

'9 

I'l 

1-2 

1-3 

Beyond  the  limits  I'S — '7 

•0112 
•0618 
•2283 
•2160 
•0770 
•0248 
•0360 
•1388 
•4443 

88^3  to  1 

15^2  to  1 

3^4  to  1 

3-6  to  1 

12      to  1 

39-3  to  1 

26-8  to  1 

6^2  to  1 

1-3  to  1 

TABLE  X. 

Chances  of  Obtaining  Certain  Deviations  in  Index  Values. 


Opsonic  Index  in 

Samples 

OF  100 

terms  of  the 

Fraction  of  the  Total 

Odds  against 

Mean 

Area  bounded  by  the 

the  occurrence  of 

corresponding  ordi- 

such a  Deviation 

nate  (Total  Area  =  1) 

or  a  Greater 

.'V 

•0006 

1666      to  1 

•8 

•0216 

45-4  to  1 

■9 

•1661 

5^0  to  1 

1-1 

•1618 

5^2  to  1 

1-2 

•0420 

22^8  to  1 

1-S 

•0109 

90-8  to  1 

Beyond  the  limits  1-3 --7 

•0115 

86-6  to  1 

1-2--8 

•0636 

14-7  to  1 

1-1--9 

•3279 

2^1  to  1 

If  we  adopt  about  a  ten  to  one  chance  as  the  limiting  value  for  evidence  of 
differentiation,  then  the  limits,  for  single  determinations  of  the  index,  are  in  the 
case  of  25's,  roughly  IS—?;  for  50's,  1-25— '75  ;  for  lOO's,  1-2— -85.  Everyone 
has  his  own  standard  of  accuracy  or  reliability  ;  all  we  mean  is  that  unless  a  given 
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index  is  beyond  these  limits,  the  chances  are  less  than  ten  to  one  against  its  bein^^ 
drawn  from  a  normal  population.  We  now  come  to  a  most  important  qualification 
of  the  value  of  these  tables. 

In  the  table  as  given,  the  measure  is  of  the  probable  deviation  of  a  sample 
from  the  real  mean  of  the  samples  as  determined  from  a  long  count.  If  the  control 
mean,  i.e.  the  denominator  of  the  fraction  which  we  call  the  opsonic  index,  has 
been  determined  from  a  large  number  of  cells,  say  1000,  and  the  tested  serum 
is  measured  on  the  basis  of  a  small  sample,  then  our  results  are  directly  applicable  ; 
but  this  supposition  does  not  represent  the  usual  state  of  affairs.  In  ordinary 
practice,  two  small  samples,  each  of  not  more  than  100  cells,  serve  as  control  and 
test,  there  is  therefore,  so  to  speak,  a  double  source  of  variation  ;  odds  based 
on  the  results  obtained  above  would  over-estimate  the  reliability  of  any  given 
determination.  This  is  a  point  of  considerable  importance  which  has,  we  think, 
escaped  the  attention  of  writers  on  the  subject ;  its  elucidation  would  involve 
a  careful  examination  of  the   whole  theory  of  index    distributions,  and   would 


TABLE   XL 

Constants  of  the  Experimental  Index  Frequencies. 
[Mean,  Mode  and  a  are  expressed  in  terms  of  the  Index,  i.e.  in  physical  units.] 


Material 

Number  of 
Samples 

Mean 

Mode 

<x 

iSi 

^•2 

1 

1 
^^2                r 

25's 
50's* 
lOO's 

800 
400 
200 

1-0362 
1  -0205 
1-0120 

-9432 
-9536 

-9689 

-2585 
•2204 
-1553 

-7099 
-6952 
-3654 

4-3914 

4-8945 
3-7138 

•9619    '       — 
-3635      11-2690 
-9032    ,       — 

Material 

m 

V 

a 

/32-3 

Skewness 

y               P 

1 

P(Fit) 

25's 

50's 

lOO's 

6-6345 

-8-5166 

5-6343 

1-3914 

1-8945 
-7138 

-3600 
-2912 
-2780 

326-1439     27-4967 
491-3142     48-7621 

-0853 
•8953 
-9355 

^=antilog  43-6116  I  .r  xe 


326  1439 


Equations  : 

A  change  of  -1  in  the  index  is  taken  as  the  statistical  unit  of  grouping  and  index  -25  as  zero. 

^2 


-6-6345       8-5166  tan 

xe 


-I        X 


5-6343 


A  change  of  -1  in  the  index  is  taken  as  the  statistical  unit  of  grouping  and  index  -45  as  zero. 
The  origin  is  at  1*4468. 


y=aiitilog  71-8335  [.i~'^^''^^^  xe 


491/3142 

X 


A  change  of  -1  in  the  index  is  taken  as  the  statistical  unit  of  grouping  and  index  -45  as  zero. 

*  A  slight  slip  has  been  found  in  the  values  of  /3i  and  /Sj  foi"  this  series,  they  should  be  -6836  and 
4*9855.     This  error  does  not,  however,  visibly  alter  the  form  of  the  curve  in  Graph  7. 
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accordingly  present  features  of  interest  quite  apart  from  the  particular  case  of 
the  opsonic  index.  These  remarks  apply  with  special  force  to  medical  statistics 
which  so  frequently  involve  the  use  of  ratios  or  indices. 

The  importance  of  the  problem  tempted  us  to  devote  some  little  time  to  a 
theoretical  consideration  of  the  subject  and  we  arrived  at  a  few  analytical  results 
which  might,  we  thought,  be  of  some  value.  It  is,  however,  unnecessary  for 
us  to  publish  these  incomplete  investigations,  since  Professor  Karl  Pearson  has 
succeeded  in  obtaining  a  full  solution  of  the  problem*.  We  therefore  confine 
ourselves  to  an  empirical  solution  which  is  sufficient  for  our  immediate  object. 
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Opsonic  Index. 
Graph  6.      Curve  of  25'8  secondary  without  replacement. 


See  the  following  paper. 
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The  actual  number  of  bacteria  in  each  sample  of  25,  50  or  100  cells  was  copied 
out  on  a  separate  slip  of  cardboard,  so  that  we  had  800,  400  and  200  cards 
corresponding  to  the  samples  of  25,  50  and  100  cells.  The  cards  used  were  small 
pieces  of  correspondence  cards  which,  being  smooth,  could  be  shuffled  very  easily. 

With  these  cards  the  following  experiments  were  performed.  Taking  the  case 
of  the  400  cards  relating  to  the  fifties,  the  cards  were  thoroughly  shuffled  and  one 
drawn  out.  The  number  on  the  card  was  written  down,  the  card  not  being 
replaced.  The  remainder  were  once  more  shuffled,  another  drawing  was  made  and 
the  process  was  repeated  until  the  whole  400  had  been  drawn.  The  cards  were 
then  once  more  shuffled  and  the  process  repeated,  the  second  set  of  numbers  being 
written  down  one  by  one  under  the  first  set  of  values.  Each  number  of  the  first 
set  was  then  divided  by  the  corresponding  number  in  the  second  set  and  the  400 
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Opsonic  Index. 
Graph  8.     Curve  of  lOO's  secondary  without  replacement. 
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indices  thus  obtained  were  analysed  as  usual.  The  same  experiment  was  carried 
out  in  the  case  of  25's  and  lOO's.  Tables  XI,  XI  A  and  Graph h  f),  7  and  8,  contain 
the  constants  and  data  of  the  distributions  and  Table  XII  the  chances  of  obtaining 
indices  within  assigned  limitts  deduced  from  the  areas. 

TABLE   XI  A. 

Experimental  Determination  of  Index  Distributions. 


Samples  of  25 

Samples  of  50 

Samples  of  50 

Samples  of  100 

(Drawings  not  Replaced) 

(Drawings  i 

lot  Replaced) 

(Drawings 

Replaced) 

(Drawings 

not  Replaced) 

Index 

Observed 

Calculated 

Observed 

Calculated 

Observed 

Calculated 

Observed 

Calculated 

'3—  -^ 

1 
3 

li:S!h-v 

— 

!  = 

— 

<     — 

•5—  '6 

16-5 

11-243 

5 

3-989 

3 

3-007 



{    1-500 

'6—  -7 

45 

40-468 

.       15-5 

13-990 

15-5 

15-308 

2 

•7—  '8 

83-5 

89-850 

33-5 

37-969 

34-5 

39-863 

10-5 

11-697 

•8—  -9 

133-5 

121-939 

70 

66-729 

69 

65-497 

35-5 

36  009 

•9—1  '0 

130 

134-204 

79-5 

80-213 

71 

77-683 

55-5 

52-780 

1-0— 1-1 

105 

122-028 

66-5 

71-759 

78-5 

72-001 

41-5 

46-5«3 

1-1— 1-2 

83 

96-635 

52-5 

51  -973 

59-5 

54-817 

34 

29-003 

1  '2—1  '3 

55-5 

69-188 

37-5 

32-676 

28 

35-425 

13 

14-177 

1-3— 1-4 

57-5 

46-012 

23-5 

18-792 

22 

19-873 

4 

5-850 

1-4— 1-5 

37 

28-990 

6-5 

10-249 

13 

9-830 

2 

2-145 

1-5— 1-6 

19-5 

17-560 

5 

5-452 

3 

4-334 

2 

1  l-0(-) 

1-6- 1-7 

11-5 

10-339 

1 

2-870 

1-5 

1-717 

1-7— 1-8 

10-5 

5-967 

1 

1-512 

1-5 

(   -814 

1-8—1-9 

4 

3-397 

2 

-803) 

— 

1-9— 2-0 

2 

1-918 

0 

-432  >  1-735 

— 

1 

2-0— 2-1 

2 

(2-0 

0 

\   -5 

— 

2-1— 2-2 

— 

- 

1 

1 

— 

2-2— 2-3 

800 

— 

— 

— 

Totals 

803-265 

400 

399-908 

400 

400-169 

200 

203-744 

A  comparison  of  these  tables  with  nos.  VIII — X  indicates  how  far  the  limits  of 
reliability  are  narrowed  by  a  more  complete  study  of  actual  conditions  (see  also 
Table  XV  infra). 

It  will  be  noticed  that  these  experiments  do  not  assume  any  special  distribution 
for  the  original  variates.  They  merely  afford  a  partial  answer  to  this  question — if 
we  had  two  sets  of  400—200,  800— samples  exactly  the  same  as  the  400  (200,  800) 
actually  counted  and  formed  at  random  400  (200,  800)  indices  from  them,  one  set 
always  furnishing  the  denominator  and  no  sample  being  used  more  than  once,  how 
are  the  resulting  indices  likely  to  be  distributed  ?  In  strictness,  therefore,  these 
results  are  only  applicable  to  our  particular  case.  If,  however,  we  assume  that  our 
counts  are  numerous  enough  and  accurate  enough  to  give  the  distributions  ot 
sample  means  of  the  size  used,  and  for  the  emulsion  used,  with  tair  exactitude, 
then  we  can  perform  another  experiment. 
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Let  us  suppose  that  the  distribution  of  samples  of  50  that  we  obtained  is 
actually  the  distribution  of  samples  of  50  in  general,  then  the  following  experiment 
may  be  considered.  The;  400  cards  were  shuffled  and  drawn  as  before  except  that 
after  each  drawing  the  card  was  replaced,  the  process  being  carried  on  until  400 
numbers  had  been  written  down,  a  second  series  of  400  numbers  was  then  obtained 
in  the  same  way  and  the  indices  were  computed.     Tables  XIII,  XIV  and  Graph  7 

TABLE    XIIL 

Constants  of  the  Experimental  Frequency  Distribution  Obtained  by  the  Method  of 
Replacement.     {Mean,  Mode  and  a,  Expressed  in  Terms  of  the  Opsonic  Index.) 

Mean  Mode  <j  ^\  ^2  f  &  riii  nr, 

1-0196         -9697         -2056         -2077         3-2155         62-7551         44-6934         9*0844         51-6706 

fli  fl2  '(■I  ^-2-'^      Skewness  P 

6-7337         37-9597  --8536         -2155         -2428         -8988 


/  -ff      \90844/  ^        \51-6706 

Equation:  ^=80-0808  (l  +  ^         0-37^597)  ' 

A  change  of  -1  in  the  index  is  taken  as  the  statistical  unit  of  grouping  and  index  -45  as  zero. 

TABLE   XIV. 

Chances  of  Obtaining  Certain  Deviations,  on  the  Basis 
of  an  Experimental  Curve  from  Samples  of  50 
{Method  of  Replacement). 


Opsonic 

Fraction  of  Total 
Area  bounded  by 

Odds  against 
such  a  Deviation 

Index 

corresponding 
Ordinate 

or  a  Greater         i 

•6 

•0075 

132        to  1 

•7 

•0458 

20-8     to  1 

•8 

•1454 

5-88  to  1 

■9 

-3096 

2-23  to  1 

1-1 

•3165 

2-16  to  1 

1-2 

•1795 

4-57  to  1 

1-3 

•0910 

9-99  to  1 

1-4 

•0413 

23-2     to  1 

1-5 

•0167 

58-9     to  1 

1-6 

•0059 

168        to  1 

give  the  statistical  constants  and  other  information  which  resulted  from  an  analysis 
of  this  experiment.  It  will  be  noticed  that  the  table  of  chances  does  not  differ 
appreciably  from  that  due  to  the  other  experiment  (XV^).  On  this  account,  and 
because  of  the  doubtfulness  of  the  assumption  in  the  case  of  lOO's  and  the  smaller 
practical  interest  in  the  case  of  25's,  the  experiment  was  not  repeated  in  these 
cases. 
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TABLE  XV. 

Comparison  of  Odds  against  Certain  Index  Deviations  as   Calculated 
on  Different  Assumptions  for  Samples  of  50. 


Index 

Using  True 
Mean 

Experimental  Curve 
without  Replacement 

Experimental  Curve 
with  Replacement 

•7 

•8 

■9 

I'l 

1-2 

1-3 

88-3     to  1 
15-2     to  1 
3-38  to  1 
3-63  to  1 
12-0     to  1 
39-3     to  1 

21-3     to  1 
6-16  to  1 
2-26  to  1 
2-19  to  1 
4-45  to  1 
8-81  to  1 

20-8     to  1 
5-88  to  1 
2-23  to  1 
2-16  to  1 
4-57  to  1 
9-99  to  1 

Without  in  the  least  wishing  to  underestimate  the  shortcomings  of  both  our 
material  and  method,  it  appears  to  us  that  Table  XII  can  fairly  be  used  as  a 
rough  practical  test  of  the  accuracy  of  the  opsonic  method  in  the  case  of  the 
Tubercle  Bacillus  and  that  it  confirms  the  opinions  expressed  in  our  former  paper. 
A  theoretical  discussion  of  the  index  problem  in  general  is  reserved  for  another 
paper  and  more  suitable  material.  It  is  now  proper  to  consider  very  briefly  some 
practical  points. 

In  the  first  place,  it  has  been  asserted  that  the  Tubercle  Bacillus  is  an 
unfavourable  organism  to  select  for  the  purpose  of  studying  the  accuracy  of  the 
opsonic  technic.  While  we  cannot  assert  that  no  more  favourable  example  could 
have  been  chosen,  we  are  of  opinion  that  the  Tubercle  Bacillus  is  certainly  not 
the  least  satisfactory  of  the  organisms  commonly  dealt  with.  For  instance,  Tubercle 
Bacilli  act,  or  are  acted  on,  almost  entirely  as  single  individuals,  while  Staphylococci 
or  Streptococci  occur  in  groups  or  chains  respectively.  These  groups  or  chains  are 
counted  as  so  many  individuals  which,  from  the  point  of  view  of  phagocytosis,  may 
or  may  not  be  correct.  The  opsonic  power  required  to  attract  a  group  of  cocci  to 
the  leucocyte  may  not  be  greater  than  that  associated  with  the  ingestion  of  a 
single  coccus.  Under  such  conditions  we  have  the  difficulties  as  to  the  correct 
treatment  of  doublets  and  triplets— to  which  allusion  has  been  made  by  Harvey 
and  McKendrick — in  an  acute  form. 

Next  as  to  the  practical  accuracy  of  the  method  for  diagnostic  purposes  or  in 
the  control  of  dosage.  The  results  here  communicated,  which  are  in  agreement 
with  our  previous  observations  and  also,  mutatis  mutandis,  with  those  of  Harvey 
and  McKendrick,  seem  to  demonstrate  that  single  observations  falling  within  the 
limits  of  20  7c  ^^  either  side  of  the  mean  cannot,  in  the  case  of  Tubercle  Bacilli, 
be  regarded  as  strongly  suggestive  of  abnormality.  If  it  is  possible,  as  will  often 
be  the  case  when  it  is  a  (question  of  diagnosis  alone,  to  repeat  the  observation 
several  times  under  comparable  conditions,  the  opsonic  method  may  be  expected 
to  yield  results  of  a  certain  value.     When,  however,  the  opsonic  index  is  used  to 
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control  injections  of  Tuberculin,  so  th;it  no  two  determinations  are  made  under 
the  same  conditions,  we  do  not  think  the  method  has  more  than  a  very  restricted 
field  of  usefulness.     This  leads  us  on  to  refer  to  a  cognate  matter. 

Glynn  and  Cox  use  language*  which  seems  to  imply  that  we  have  attacked  the 
opsonic  index  in  the  sense  of  denying  that  differences  in  phagocytic  power  as 
between  normal  and  diseased  persons  occur.  We  have  not  asserted  this  nor  does 
any  statement  of  ours  bear  such  an  interpretation.  We  have  merely  pointed 
out,  a  contention  not  seriously  challenged,  that  the  claims  advanced  by  certain 
enthusiasts  to  the  effect  that  all  variations  of  10  7o  frotn  the  normal  are  probably 
or  necessarily  significant,  must  be  entirely  unjustifiable. 

At  the  risk  of  being  tedious,  we  desire  to  emphasise  once  more  the  distinction 
between  vaccine  therapy  on  the  one  hand  and  opsonic  estimations  on  the  other. 
If  our  work  tends,  as  it  certainly  may  tend,  to  unsettle  the  opinion  of  some  readers 
as  to  the  relative  accuracy  of  the  tuberculo-opsonic  index,  we  wish  in  no  way  to  be 
ranked  among  detractors  of  the  claim  of  vaccine  therapy  to  be  regarded  as  a  new 
and  powerful  weapon  in  the  struggle  against  disease.  On  the  contrary  we  are 
convinced  of  its  present  importance  and  look  to  the  future  for  its  still  greater 
development. 

In  conclusion  we  would  again  remark  that  the  results  here  published  are  in 
essential  agreement  with  those  communicated  by  Harvey  and  McKendrick  and 
ourselves  in  recent  numbers  of  Biometrika. 

Conclusions. 

1.  Large  phagocytic  counts  extending  to  15,000  or  20,000  cells  are  markedly 
skew  and  exhibit  signs  of  heterogeneity. 

2.  The  exclusion  of  clumped  bacilli  has  not  been  the  main  cause  of  the  poor 
fit  obtained. 

3.  The  heterogeneity  may  be  due  to  difficulties  in  counting. 

4  The  distributions  of  the  means  of  samples  of  25,  50  and  100  cells  drawn 
from  these  populations  are  also  markedly  skew  and  excellently  represented  by 
Pearson's  type  curves. 

5.  This  skewness  cannot  be  due  entirely  to  homotyposis. 

6.  The  odds  against  a  second  sample  of  the  same  material  giving  an  opsonic 
index,  in  terms  of  the  true  mean,  outside  of  the  limits  1*2  to  8  are,  in  the  case  of 
samples  of  25,  about  3  to  1,  in  the  case  of  50's  about  6  to  1  and  for  lOO's  about 
15  to  1. 

7.  When  the  index  is  estimated  on  the  basis  of  two  small  samples  and  without 
determining  the  mean  of  the  normal  series  from  a  long  count,  the  odds  are  reduced 
to  1*5  to  1,  2  to  1  and  4*6  to  1  respectively,  for  samples  of  25,  50  or  100. 

*  Glynn  and  Cox:  Biochemical  Journal,  Vol.  iv.  p.  300. 
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8.  Even  in  the  case  of  samples  of  100,  it  is  doubtful  whether  single  determi- 
nations which  give  values  even  beyond  the  limits  1'3  to  '7  can  be  regarded  as 
satisfactory  evidence  of  differentiation. 

9.  The  two  previous  conclusions  are  based  on  the  analysis  of  four  experimental 
frequencies. 

10.  The  Tubercle  Bacillus  is  not  necessarily  an  unfavourable  test  of  the 
opsonic  method. 

11.  The  opsonic  index  is  less  useful  as  a  means  of  controlling  treatment  than 
for  diagnostic  purposes,  since  in  the  latter  case  it  may  be  possible  to  make  several 
comparable  determinations. 

12.  Differentiation  in  respect  of  phagocytic  power  (Tubercle  Bacilli)  can 
possibly  be  established  by  the  opsonic  index  in  some  cases. 


Reprinted  from  the  Journal  of  the  Institute  of  Hreioing,  I'oL.  ATT,  No.  7 
{Vol.  VII,  New  Series),  December,  1910. 
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Recent  Researches  on  Alcoholic  Fermentation. 

By    Arthur    Harden,   F.E.S.,    D.Sc,   rii.D.,   F.I.C.    (Biochemical 
Department,  Lister  Institute). 

About  six  years  ago  I  had  the  honour  of  reading  a  short  com- 
munication to  this  Institute  on  the  subject  of  zymase  and  alcoholic 
fermentation,  in  which  I  gave  a  short  account  of  the  work  done 
by  Buchner,  and,  if  I  recollect  rightly,  a  practical  demonstration 
of  alcoholic  fermentation  by  means  of  yeast-juice.  Since  the  year 
1904  a  large  amount  of  work  has  been  done  both  in  England  and 
alu'oad  on  the  subject  of  alcoholic  fermentation,  with  the  special 
object  of  discovering  the  processes  which  go  on  and  how  they  are 
carried  out.  The  work  of  Buchner  proved  a  great  stimulus  to  this 
line  of  research,  and  anyone  looking  through  the  literature  of 
fermentation  since  1897  will  see  that  a  large  number  of  papers  has 
been  written  and  a  large  amount  of  work  done  as  the  direct  result  of 
the  new  means  of  investigation  provided  by  his  researches.  I  propose 
to  give  a  very  short  account  of  the  work  done  since  1904,  both  here 
and  abroad,  on  this  same  question,  as  to  the  nature  of  alcoholic  fermen- 
tation. It  will  be  impossible  to  go  into  the  matter  fully  in-  the  short 
time  at  my  disposal,  particularly  as  I  want  to  try  and  demonstrate  to 
you  some  of  the  phenomena  which  occur.  I  propose  to  deal  mainly 
with  the  work  done  on  yeast-juice  rather  than  on  living  yeast, 
important  as  the  latter  is. 

In  the  first  place,  in  1904,  I  was  able  to  indicate  at  this  Institute 
and  at  the  Eoyal  Society  the  fact  that  Mr.  Young  and  myself  had 
'found  that  the  juice  extracted  from  yeast  by  the  grinding  process 
jcontained  two  substances,  both  of  which  were  essential  for  fermenta- 
|bion.  This  was  shown  in  the  first  instance  by  dialysing  the  juice. 
i[t  was  found  that  when  yeast- juice  was  subjected  to  rapid  dialysis, 
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something  passed  through  the  membrane  and  left  behind  an  inactive 
residue  which  would  no  longer  ferment  sugar.  When  the  portion 
which  passed  through  the  membrane  was  examined,  it  was  found  that 
it  also  would  not  ferment  sugar,  but  when  the  two  were  reunited 
the  sugar  was  fermented.  The  substance  of  this  nature  which 
will  pass  through  a  dialyser,  and  which  is  therefore  probably  com- 
paratively simple  in  nature,  is  called — it  is  rather  a  clumsy  term — the 
co-enzyme.  The  name  enzyme  is  given  to  all  soluble  ferments,  and 
is  here  restricted  to  the  inactive  material  which  is  left  behind  in  the 
dialyser.  The  apparatus  for  carrying  out  the  dialysis  consists  of  a 
Chamberland  candle  impregnated  with  gelatin  and  supported  in 
a  brass  case,  and  in  the  annular  space  between  the  two  the  yeast- 
juice  is  poured.  The  apparatus  is  connected  w4th  a  compressed  air 
cylinder,  and  filtration  is  carried  out  under  a  pressure  of  about 
50  atmospheres. 

It  was  found  that  the  liquid  which  filtered  through,  even  after 
being  boiled,  still  possessed  the  power  of  activating  the  residue,  and 
that  boiled  and  filtered  yeast-juice  also  had  the  same  property. 
During  the  process  of  fermentation  both  these  substances  gradually 
disappear.  When  yeast-juice  is  mixed  with  sugar  and  incubated, 
fermentation  proceeds  for  a  certain  time,  and  then  gradually  dies  out, 
long  before  the  sugar  is  exhausted.  The  reason  for  this  is  that  both 
the  enzyme  and  the  co-enzyme  in  the  juice  gradually  become 
destroyed.  Exactly  what  it  is  which  destroys  them  is  not  quite 
certain,  but  the  most  probable  view  is  that  of  Buchner,  that  the 
enzyme  is  gradually  digested  by  the  proteoclastic  enzyme  contained 
in  the  juice.  What  destroys  the  co-enzyme  is  a  much  debated 
question  /  it  does  not  appear  to  be  the  proteoclastic  enzyme  which 
destroys  the  enzyme  itself,  but  rather  something  of  the  nature  of  a 
lipase,  an  enzyme  which  decomposes  fats,  liberating  glycerol  and 
fatty  acids.  This  is  interesting,  because  it  is  the  only  clue  so  far  to 
the  chemical  nature  of  the  co-enzyme,  which,  since  it  is  decomposed 
by  lipase  and  not  by  proteocla,stic  enzymes,  appears  to  be  allied  rather 
to  the  fats  than  to  the  proteins.  It  was  further  found  that  these 
two  substances  disappear  at  unequal  rates.  We  found  in  the  first 
instance  that  if  we  added  only  a  small  quantity  of  the  co-enzyme  to 
a  solution  containing  sugar  and  the  enzyme  deprived  of  the  co-enzyme, 
only  a  very  limited  fermentation  occurred.     That  showed  that  the 
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co-enzyme  under  the  prevailing  conditions  died  out  before  the  enzyme. 
Buchner  has  made  an  interesting  observation  on  this  point;  working 
with  German  bottom  yeasts,  he  obtains  a  juice  in  which  the 
co-enzyme  reguhirly  dies  out  before  the  enzyme.  There  is  a  deficiency 
of  this  co-enzyme,  so  that  when  he  incubates  the  yeast-juice  with 
sugar  the  fermentation  comes  to  an  end  because  the  co-enzyme  has 
disappeared.  But  if  he  then  adds  a  further  quantity  of  co-enzyme 
he  gets  renewed  fermentation,  and  can  prolong  a  fermentation,  which 
would  ordinarily  end  in  three  days,  for  almost  three  weeks  by 
repeatedly  adding  fresh  quantities  of  the  co-enzyme  as  soon  as 
fermentation  ceases.  This  shows  that  in  the  yeast-juice  obtained  by 
Buchner  the  enzyme  is  capable  of  being  preserved  for  a  long  time, 
provided  it  is  in  the  presence  of  a  sufficient  quantity  of  co-enzyme. 
With  English  top-yeasts  that  is  not  the  case.  When  the  fermentation 
comes  to  an  end  it  cannot  again  be  revived  by  adding  the  co-enzyme  ; 
both  the  enzyme  and  the  co-enzyme  apparently  die  out  at  approxi- 
mately the  same  time  in  the  juice  we  get  from  English  yeast.  This 
is  the  first  point  established  as  to  the  nature  of  the  fermentation  : 
that  there  are  these  two  different  agents  concerned  in  its  production, 
and  that  either  of  them  alone  is  quite  inactive,  but  that  when  the  two 
are  mixed  fermentation  proceeds.  As  to  exactly  what  is  going  on 
and  what  is  the  precise  nature  of  either  the  enzyme  or  the  co-enzyme 
we  know  very  little.  That  is  one  of  the  subjects  which  has  so  far 
eluded  everybody's  skill.  Nobody  has  yet  got  hold  of  a  pure 
enzyme  and  found  out  what  sort  of  a  substance  it  is,  and  the  same 
is  true  so  far  of  the  co-enzyme.  We  have  been  quite  unable,  as 
Buchner  has  been  unable,  to  isolate  it  and  ascertain  what  sort  of 
substance  it  is. 

In  the  second  place  we  found  that  there  was  another  agent  present 
which  had  a  great  effect  in  stimulating  fermentation,  and  by  making 
use  of  a  special  form  of  apparatus  we  were  able  to  analyse  this 
effect.  The  fermenting  mixture  is  put  into  a  small  flask  kept  at  "a 
constant  temperature  of  25°  C.  in  a  thermostat.  This  flask  is 
connected  by  a  tap  with  an  apparatus  for  collecting  the  gas — the 
ordinary  apparatus  which  is  used  for  collecting  nitrogen.  The  gas 
which  is  given  off  is  CO2,  which  is  easily  soluble  in  the  fermenting 
liquid,  and  the  solubility  of  course  varies  with  the  pressure.  In  order 
to  get  over  errors  due  to  this  cause  we  keep  the  pressure  constant,  and 
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in  order  to  do  that  we  fit  the  mercury  reservoir  with  a  syphon,  so  that 
all  the  mercury  which  passes  into  the  reservoir  syphons  out  and  runs 
over  the  edge  of  a  small  glass  cylinder,  so  that  the  level  always 
remains  the  same,  and  the  pressure  in  the  flask  is  always  that  of  the 
atmosphere.  The  volume  of  gas  in  the  nitrometer  is  then  read  off  at 
a  diminished  pressure  and  corrected  for  the  difference  of  pressure  by 
means  of  a  table.  We  found  that  when  we  took  yeast-juice  and  put  .j 
it  into  an  apparatus  like  this,  and  then  added  a  boiled  solution  of  the 
co-enzyme  with  which  we  had  been  working,  there  was  a  sudden  rush 
of  gas  quite  soon  after  the  mixture  had  been  made — in  the  first  15  or 
20  minutes  after  adding  the  boiled  yeast-juice  or  the  filtrate  obtained 
in  the  experiment  I  have  previously  described.  We  set  to  work  to 
try  to  account  for  this  phenomenon,  and  after  trying  a  number  of 
different  materials,  finally  hit  upon  the  fact  that  it  was  due  to  the 
presence  of  phosphates.  We  could  reproduce  this  effect  by  adding 
any  one  of  the  soluble  phosphates,  sodium  phosphate  or  potassium 
phosphate,  and  produce  an  effect  quite  similar  to  this  sudden  increase 
in  the  rate  of  evolution  of  gas  which  occurred  when  that  filtrate  was 
added.  We  found,  in  the  first  place,  that  there  was  evidently  a 
definite  chemical  reaction  going  on ;  that  the  phosphate  was  not 
acting  as  the  enzyme  did,  but  as  a  chemical  substance  acts ;  because 
the  carbonic  acid  produced  was  exactly  equivalent  to  the  phosphate 
which  was  added.  If  we  added  a  molecular  proportion  of  phosphate 
we  got  off,  in  addition  to  what  would  otherwise  have  been  produced, 
a  molecular  proportion  of  carbonic  acid.  Further  experiments  have 
shown,  in  the  first  place,  that  when  phosphate  is  added  the  rate  of 
fermentation  is  greatly  increased.  This  increase  varies  in  different 
cases  from  10  to  20  times  the  rate  at  which  the  original  fermentation 
was  going  on.  Secondly,  this  increase  in  the  rate  only  lasts  until  the 
chemical  equivalent  of  carbon  dioxide  has  come  off,  and  then  the 
rate  falls  again  to  what  it  was  in  the  original  experiment  before  the 
phosphate  was  added.  If  a  second  addition  of  phosphate  be  made, 
precisely  the  same  phenomena  occur  again,  and  this  can  be  coi>tinued 
until  the  volume  of  the  liquid  or  the  concentration  of  salts  becomes 
too  great. 

The  next  point  was  to  find  out  what  had  become  of  the  sodium 
phosphate.  We  boiled  the  yeast-juice  which  had  been  used  for  such 
an    experiment,    tested   it   with    magnesia   mixture   to    estimate   the 
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phosphorus,  .•ind  found  th.-it  tlic  latter  was  no  longer  in  a  foiin  which 
could  be  precipitated  by  magnesia  mixture;  it  was  no  longer  present 
in  the  form  of  a  mineral  phosphate  at  all,  but  in  some  other  form. 
We  were  then  able  to  isolate  from  the  juice  to  which  the  phosphate 
had  been  added  an  entirely  new  compound,  which  is  a  compound  of 
a  hexose  residue  and  phosphoric  acid,  to  which  we  have  given  the 
name  of  hexoscphosphate.  This  substance  forms  an  insoluljle  lead 
salt  which,  when  treated  with  sulphuretted  hydrogen,  gives  an  acid, 
salts  of  which  have  been  prepared  and  analysed  l)y  my  colleague, 
Mr.  Young.  There  is  a  discussion  going  on  at  the  present  moment 
as  to  the  exact  structure  of  this  substance.  A  little  later  than 
ourselves  the  Russian  chemist,  IwanofF,  found  evidence  of  the  presence 
of  this  substance  in  yeast-juice  which  had  been  fermented.  And  since 
then  another  Russian  chemist,  named  Lebedew,  has  also  examined  this 
substance.  We  consider  that  the  hexose  is  combined  with  two  mole- 
cules of  phosphate  and  that  the  hexoscphosphate  has  the  formula 
C(jHio04  (P04H2)-2-  Lebedew,  on  the  other  hand,  thinks  there  is  only 
one  molecule  of  phosphoric  acid  in  the  ester.  The  reason  for  this 
wide  divergence  of  opinion  is  that  the  salts  are  all  amorphous ;  it  has 
not  been  possible  to  crystallise  any  of  them  and  obtain  a  definite 
crystalline  salt  which  can  be  su1)jected  to  analysis.  Our  analyses  of 
the  amorphous  salts,  however,  all  agree  with  the  formula  given  above. 
Lebedew  has  not  himself  analysed  the  salts,  but  from  the  composition 
of  the  phenylhydrazine  derivative  has  come  to  the  conclusion  that  the 
ester  contains  only  one  molecule  of  phosphoric  acid.  Assuming  for  the 
moment  that  our  view  is  right,  we  have  come  to  the  following 
explanation : — When  the  phosphate  is  added  a  molecule  of  sugar  is 
broken  down  into  carbonic  acid  and  alcohol,  and  another  molecule  of 
sugar  combines  with  the  phosphate  and  forms  this  hexoscphosphate. 
Whether  those  are  two  distinct  molecules  or  whether  two  fragments 
derived  from  different  sugar  molecules  unite  and  form  this  hexosc- 
phosphate has  not  been  decided.  At  all  events,  the  equation,  as  far  as 
we  can  make  out,  shows  that  two  molecules  of  sugar  are  concerned,  and 
that  an  amount  of  alcohol  and  carbonic  acid  corresponding  to  one  of 
these  is  given  off.  The  reaction,  which  only  proceeds  in  the  presence 
of  enzyme  and  co-enzyme,  is  represented  by  the  following  equation  : — ■ 
2CoHi-.Oo  +  2Na2HP04  =  2C0o  +  2C,HoO  +  211.0  + 

CoHio04(P04Xa2)2. 
b  2 
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The  production  of  this  substance,  hexosephosphate,  is  very  remark- 
able, because  it  does  not  seem  to  be,  strictly  speaking,  an  intermediate 
product.  It  appears  that  the  hexosephosphate  is  not  made  first,  and 
then  decomposed  hy  subsequent  fermentation,  so  as  to  serve  as  the  sole 
source  of  the  carbonic  acid  and  alcohol.  On  the  contrary,  it  is  made 
in  the  greatest  quantity  and  at  the  greatest  rate  at  the  moment  when 
another  portion  of  sugar  is  breaking  down  into  carbonic  acid  and 
alcohol.  That  leads  us  to  favour  the  view  that  very  probably  what 
happens  is,  that  the  two  molecules  of  sugar  are  broken  into  two  parts, 
and  that  one  part  of  each  ijiolecule  is  converted  into  carbonic  acid  and 
alcohol,  and  the  other  two  parts  reunite  and  form  this  derivative,  the 
hexosephosphate.  A  certain  degree  of  confirmation  of  this  idea  is  given 
by  the  fact  that,  when  this  hexosephosphate  is  prepared  from  glucose, 
we  find  that  on  boiling  it  with  acid  we  do  not  get  glucose  back  again, 
but  we  get  laevulose,  if  not  entirely,  at  all  events  in  large  part. 
Exactly  the  same  thing  happens  when  mannose  is  used ;  a  hexose- 
phosphate is  formed  which,  when  boiled  with  acid,  yields  a  large  pro- 
portion of  Isevulose.  It  is  evidently  not  a  very  simple  change  that 
occurs. 

When  an  excess  of  phosphate  is  added,  a  phenomenon  occurs  which 
differs  to  some  extent  from  the  one  I  have  been  describing.  As  the 
amount  of  phosphate  is  gradually  increased,  the  foregoing  phenomena 
are  gradually  obscured  by  a  secondary  effect.  This  may  be  illustrated 
by  the  effect  of  adding  four  different  quantities  of  phosphate — 5,  10, 
15,  and  20  c.c. — to  the  same  quantity  of  yeast-juice,  making  the  liquid 
in  each  case  up  to  the  same  volume.  In  the  first  case,  an  immediate 
effect  is  produced.  Ten  minutes  after  the  addition  of  5  c.c.  of 
phosphate,  the  rate  has  risen  from  1'5,  the  original  rate,  up  to  13.  At 
the  end  of  about  a  quarter  of  an  hour  the  rate  has  become  17,  about 
twelve  times  as  high  as  that  of  the  original  yeast-juice.  The  supply 
of  phosphate  then  becomes  exhausted  by  conversion  into  hexose- 
phosphate, and  a  rapid  fall  occurs  down  to  the  original  rate.  When 
10  c.c.  are  added  the  rise  is  delayed;  again  there  is  the  equivalent 
given  off  at  an  enhanced  rate,  and  then  again  a  rapid  fall.  When 
15  c.c.  are  added,  another  effect  becomes  evident ;  the  phosphate  exerts 
some  sort  of  deleterious  effect  on  the  enzyme,  and  the  rate  rises  Yery 
slowly  and  nevergets  up  to  the  true  maximum, and  again  falls  veryslowly. 
With  20  c.c.  that  effect  is  exaggerated;  and  if  a  still  higher  concentra- 
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tion  of  pliosphutc  were  used,  there  would  l»e  no  increase  at  all,  oi-  even  a 
diminution.  The  exact  cause  of  this  has  not  boon  ascertained,  hiit  the 
reason  why  I  have  described  this  phenomenon  is  that  it  has  lnought 
out  a  YGvy  marked  difliercnce  between  loovulose  and  glucose.  If  experi- 
ments of  this  kind  were  made  with  la^vulose  instead  of  glucose,  it 
would  be  found  that  in  the  presence  of  Isevulose  a  far  greatei'  amount 
of  phosphate  could  be  added  without  producing  this  effect.  In  the 
presence  of  Isevulose  the  enzyme  is  very  much  less  susceptible  to  phos- 
phate, and  at  the  same  time  fermentation  proceeds  at  a  much  greater 
rate— three  or  four  times  as  quickly  as  with  glucose.  With  Lnevulose 
and  phosphate  we  have  obtained  a  rate  with  yeast-juice  which  is  as 
much  as  half  the  rate  which  could  be  produced  by  the  living  yeast  from 
which  the  juice  was  obtained.  The  rate  of  fermentation  by  yeast-juice 
alone  is  only  about  one-fortieth  of  the  rate  at  which  the  yeast  from 
which  the  juice  was  prepared  would  ferment  sugar,  so  that  by  the 
addition  of  Isevulose  and  phosphate  we  have  been  able  to  increase  the 
rate  from  one-fortieth  to  about  one-half,  an  observation  of  great  interest 
in  its  bearing  on  what  is  going  on  inside  the  yeast-cell. 

We  are  now  in  a  position  to  discuss  the  cause  of  the  difference 
between  this  high  rate  in  the  presence  of  added  phosphate  and  the  low 
rate  in  the  absence  of  added  phosphate,  which  constitutes  the  normal 
rate  of  fermentation  of  yeast-juice.  As  already  mentioned,  the  hexose- 
phosphate  is  not  a  true  intermediate  product ;  nevertheless  it  is  broken 
down  in  the  juice,  and  converted  back  again  into  some  sort  of  sugar 
and  free  phosphate.  Both  of  these,  together  with  a  fresh  quantity  of 
sugar,  enter  into  reaction,  and  the  whole  process  is  repeated ;  so  that 
the  phosphate  goes  through  a  continuous  cycle.  First  phosphate,  next 
hexosephosphate,  then  back  again  to  phosphate,  and  then  again  to 
hexosephosphate.  What  we  imagine  is,  that  in  the  ordinary  yeast- 
juice,  in  the  absence  of  added  phosphate,  the  rate  at  which  the  fermen- 
tation goes  on  is  entirely  controlled  by  the  rate  at  which  the  phosphate 
is  produced.  We  have  found  that  this  action  is  due  to  a  second 
enzyme,  which  we  have  called,  following  the  ordinary  rule  of  adding 
-ase  to  the  name  of  the  substance  decomposed,  by  the  somewhat 
barbarous  term  hexosephosphatase.  This  enzyme  brings  about  the 
reaction  according  to  the  following  equation : 

C,Hio04(PO,Na2)2  +  2H2O  =  CoHioO,  +  2NaoHP04, 
and  the  rate  at  which  this  reaction  proceeds  determines  the  normal 
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rate  of  fermentation  in  yeast-juice.  When  phosphate  is  added,  a 
measure  is  obtained  of  the  amount  of  the  actual  enzyme  present ; 
because  then  the  enzyme  is  supplied  with  as  much  phosphate  and  sugar  as 
it  can  deal  with,  and  consequently  a  greatly  increased  rate  is  produced. 

We  were  naturally  led  to  try  a  number  of  other  substances  as  well 
as  phosphate,  to  see  whether  the  action  was  peculiar  to  phosphate. 
One  of  the  first  tried  was  one  chemically  very  similar  to  a  phosphate, 
namely,  an  arsenate.  We  tried  to  ascertain  whether  sodium  arsenate 
would  have  the  same  effect  as  phosphate.  As  a  matter  of  fact,  it  has 
been  found  that  the  rate  is  very  considerably  increased  by  the  addition 
of  arsenate.  One  very  marked  difference,  however,  exists,  namely, 
that  the  arsenate  does  not  seem  to  act  at  all  in  the  same  way  as  the 
phosphate ;  there  is  no  definite  equivalent  of  carbonic  acid  evolved. 
The  evolution  goes  on  for  a  long  time  after  the  equivalent  is  produced ; 
and  many  times  the  equivalent  is  produced  at  the  high  rate,  so  that 
you  do  not  have  the  characteristic  falling  ofi'  in  the  rate  that  you  find 
with  phosphate.  We  have  been  recently  examining  this  matter,  and 
we  have  arrived  at  some  results  which  are  not  yet  published  in  detail ; 
but,  without  giving  figures,  I  may  say  we  have  found  that  arsenate 
does  not  take  the  place  chemically  of  phosphate.  We  tried  an  experi- 
ment by  getting  rid  of  practically  all  the  phosphate  in  the  juice,  and, 
instead  of  adding  phosphate,  we  added  arsenate  to  see  whether  this 
reaction  would  go  on.  It  did  not  go  on ;  and  we  have  ultimately 
come  to  the  conclusion  that  arsenate  acts  in  quite  a  different  way 
from  phosphate  by  stimulating  the  action  of  the  hexosephosphatase. 
We  have  also  directly  proved  that,  in  the  presence  of  arsenate,  hexose- 
phosphate  is  very  much  more  rapidly  decomposed  than  in  yeast-juice 
alone  without  the  presence  of  arsenate ;  and  this  confirms  the 
conclusion  that  the  way  in  which  the  arsenate  acts  is  by  stimulating 
the  hexosephosphatase. 

It  appears  probable  that  in  the  living  yeast-cell  we  have  the  phosphate 
going  through  this  cycle  just  as  it  does  in  the  yeast-juice  ;  and  that  the 
main  difierence  between  fermentation  by  living  yeast  and  by  yeast-juice 
is  the  rate  at  which  the  phosphorus  goes  through  this  cycle.  From  the 
amount  of  phosphorus  contained  in  yeast  and  the  rate  of  fermentation,  we 
can  calculate  the  numljcr  of  times  that  the  phosphorus  of  the  yeast  must 
go  through  this  cycle  in  order  to  produce  the  observed  rate  of  fermenta- 
tion.    This  comes  out  at  about  twice  in  five  minutes  at  25°  C. :  and 
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therefore,  if  the  reaction  goes  on  in  that  way,  in  living  yeast  it  is 
necessary  for  the  whole  of  the  phosphorus  to  go  through  the  cycle 
twice  in  every  five  minutes.  The  best  imitation  we  have  of  wljat  is 
going  on  in  the  yeast-cell  seems  to  be  this  mixture,  sugar  and  yeast- 
juice  with  a  little  arsenate,  fermenting  steadily  at  a  rate  about  20  times 
as  great  as  that  which  the  yeast-juice  alone  produces.  It  is  not 
intended  to  imply  that  in  the  yeast-cell  there  is  arsenate ;  but  simply 
that  the  high  rate  of  action  of  the  hexosephosphatase  is  common 
to  the  cell  and  the  mixture  of  juice  and  arsenate.  This  leads  us  to  ask  : 
What  is  it  that  actually  does  occur ;  is  there  some  substance  in  the 
yeast-cell  which  has  this  stimulating  effect  on  the  hexosephosphatase 
which  we  can  imitate  by  the  action  of  arsenate ;  or  is  it  due  to  some 
definite  arrangement — I  will  say  for  want  of  a  better  word — inside  the 
yeast-cell  ^  There  is  no  doubt  that  in  every  living  cell  there  is  a  very 
complicated  structure ;  and  there  is  also  no  doubt  that  when  this 
structure  is  destroyed  the  chemical  action  of  the  cell  is  very  consider- 
ably modified.  Professor  Armstrong  and  E.  F.  Armstrong  have 
recently  pointed  out  the  importance  of  some  very  interesting 
phenomena  of  this  kind — the  action  of  anaesthetics  on  leaves.  It  is 
found  that  when  leaves  containing  glucosides  which  yield  hydrocyanic 
acid  are  exposed  to  an  anaesthetic,  there  is  an  immediate  production  of 
hydrocyanic  acid.  That  is  evidence  that  the  anaesthetic  upsets  the 
balance  of  forces  within  the  cell,  whether  physically,  by  affecting  the 
water  present,  or  by  destroying  the  structure  of  the  cell,  is  an  open 
question  ;  but  at  all  events  it  does  bring  about  some  sort  of  disorganisa- 
tion which  causes  a  chemical  action  to  begin  which  is  not  going  on 
normally.  I  have  found  a  very  similar  effect  with  yeast ;  when  it  is 
exposed  to  toluene  the  rate  of  auto-fermentation  is  very  greatly 
increased.  When  yeast  is  kept,  it  auto-ferments  at  the  expense, 
presumably,  of  glycogen  ;  but  when  exposed  to  toluene  the  rate  is 
greatly  increased,  four  or  five  times.  This  is  probably  due  to  some 
change  in  the  constitution  of  the  yeast-cell,  and  indicates  at  all  events 
that  a  very  slight  disorganisation  of  the  cell  is  sufficient  to  produce  a 
marked  change  in  the  chemical  reactions  proceeding  within  it.  It  is 
I  significant  that  yeast  itself  does  not  respond  to  sodium  phosphate  in 
!  the  same  way  as  does  yeast-juice.  Living  yeast  (this  was  first  found 
I  by  Dr.  Slator,  and  was  confirmed  by  myself)  does  not  respond  when 
treated  with   phosphate,   and   the   rate   of   fermentation    is   scarcely 
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affected.  If  anything  is  done  to  destroy  or  to  upset  the  organisation  of 
the  yeast  cell — if  the  yeast  be  dried  and  heated,  or  ground,  or  treated 
with  alcohol  or  with  acetone,  in  every  case  a  material  is  obtained  which 
at  once  responds  to  phosphates  to  a  greater  or  less  degree.  The  most 
responsive  material  is  obtained  by  the  complete  destruction  of  the  cell. 
When  the  yeast  is  ground  and  the  liquid  pressed  out,  a  juice  is 
obtained  which  responds  most  easily  to  phosphate.  If  the  yeast  be 
treated  with  acetone  or  ether,  it  does  not  respond  to  phosphate  nearly  so 
strongly,  the  rate  being  only  doubled  or  trebled,  whereas  in  the  case  of 
yeast-juice  it  is  multiplied  20  times.  This  seems  to  indicate  that  in  the 
yeast-cell  there  is  something  in  the  nature  of  an  arrangement  inside 
the  cell  which  conditions  the  very  high  rate  of  activity  of  the  yeast  as 
compared  with  the  juice  prepared  from  it. 

There  is  only  one  other  subject  I  want  to  touch  on  for  a  moment, 
which  is  of  very  great  theoretical  interest,  and  conceivably,  although 
not  very  probably,  may  be  of  practical  interest.  That  is,  the  question 
of  the  exact  chemical  change  through  which  the  sugar  passes  in  alcoholic 
fermentation.  At  the  time  I  read  the  paper  in  1904  there  had  been 
just  started  by  Buchner  a  theory  that  in  the  formation  of  alcohol  and 
carbonic  acid  from  sugar,  lactic  acid  was  an  important  intermediate 
product.  He  was  of  opinion  that  all  the  sugar  went  through  the  form 
of  lactic  acid  before  it  was  converted  into  carbonic  acid  and  alcohol. 
Since  that  day,  largel}^  due  to  criticism  by  Dr.  Slator,  Buchner  has  been 
induced  to  repeat  his  experiments,  and  to  carry  out  new  ones ;  and  he 
has  finally  and  officially  abjured  the  belief  that  lactic  acid  is  an 
intermediate  product  in  the  formation  of  carbonic  acid  and  alcohol  from 
sugar.  This  theory  has  in  the  meantime  taken  possession  of  practically 
the  whole  of  botany  and  physiology ;  and  there  will  be  a  good  deal  of 
reconsideration  required  now  that  lactic  acid  is  no  longer  to  be 
adhered  to.  However,  a  new  favourite  has  arisen  instead  of  lactic 
acid,  in  the  form  of  dihydroxyacetone,  CH2(OH)*CO'CH2{OH),  which 
is  derived  from  glycerol  by  oxidation. 

Buchner  has  found  that  dihydroxyacetone  has  a  much  greater 
claim  to  the  position  of  an  intermediate  product  in  sugar  fermenta- 
tion than  lactic  acid,  because  he  has  found  that  living  yeast  will 
ferment  it,  although  only  slowly  ;  and  also  that  yeast-juice,  under 
certain  conditions,  will  bring  about  its  fermentation.  However,  the 
matter   is   not   quite   straightforward ;   because,  if  dihydroxyacetone 
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be  added  to  yeast-juicc,  the  fermentation  is  extremely  slow,  and  it 
is  necessary  to  add  a  large  volume  of  boiled  yeast-juice  containing 
the  co-enzyme,  phosphates,  and  many  other  things,  before  vigorous 
action  occurs.  It  is  conceivable  that  the  production  of  carbonic  acid 
and  alcohol,  which  Buchner  ascribes  to  the  fermentation  of  dihydroxy- 
acetone,  may  really  be  due  to  some  secondary  effect,  or  to  the 
conversion  of  this  substance,  by  condensation,  into  a  fermentable 
compound.  This  point  cannot  be  considered  settled  till  many  more 
experiments  have  been  carried  out. 

The  production  of  a  three-carbon  substance  from  sugar  as  an 
intermediate  product  has  been  a  very  favourite  theory  for  a  long 
time.  It  seems  unlikely  that  a  large  molecule  like  that  of  glucose 
should  be  split  up  without  undergoing  several  stages,  and  this  is 
also  the  result  of  the  action  of  alkalis  on  glucose.  Further,  we 
have  always  to  bear  in  mind  that  a  compound  containing  three 
carbon  atoms,  namely,  glycerol,  is  always  formed  during  fermenta- 
tion. Glycerol  is  formed,  not  only  by  living  yeast,  but  also  by 
yeast-juice ;  so  that  it  seems  most  likely,  although  that  again  is  not 
quite  certain,  that  it  is  actually  formed  from  the  sugar.  If  a  substance 
like  clihydroxyacetone  really  occurs  as  an  intermediate  product,  it 
affords  an  obvious  opportunity  for  the  production  of  glycerol  by 
reduction ;  and  this  idea  is,  therefore,  so  far  consistent  with  the 
fact  that  we  do  actually  get  a  three-carbon  compound  in  all  fermenta- 
tion of  glucose  by  yeast.  It  is  also  quite  consistent  with  the  production 
of  hexosephosphate,  because  it  may  be  that  there  is  an  intermediate 
production  of  some  three-carbon  compound,  and  that  the  hexose- 
phosphate is  formed  in  the  way  previously  suggested. 

If  we  sum  up  the  position  of  affairs  so  far,  it  is  that  ever  since  the  dis- 
covery by  Buchner  of  yeast-juice,  matters  have  been  getting  constantly 
more  and  more  complicated.    It  has  been  found  that  the  yeast-cell  does 
not  simply  contain  an  alcoholic  enzyme  which  can  be  compared  with  a 
substance  like  invertase,  but  that  it  is  also  provided  with  a  regular 
I  army   of   enzymes  and  co-enzymes ;    that  fermentation  involves  the 
'  presence  of   phosphate ;  that  with   each   of   these   enzymes   there  is 
I  provided   another  enzyme   which   gradually  destroys  it.     Moreover, 
!  Buchner  has   recently  established   the   fact,  which   was  indicated  in 
I  my  last  paper  here,  that  the  cell  also  contains  a  substance   which 
!  protects  the  enzyme  from  the  proteoclastic  enzyme. 
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It  is  obvious,  therefore,  that  the  problem  of  alcoholic  fermentation, 
which  has  exerted  so  great  a  fascination  over  workers  at  all  periods  in 
the  history  of  science,  is  still  far  from  complete  solution,  and  offersr  as 
many  points  of  interest  for  the  future  as  have  rewarded  the  investi- 
gators of  the  past. 

The  effects  of  the  addition  of  phosphates  and  arsenates  to  yeast- 
juice  and  sugar  were  demonstrated  experimentally. 
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ON  THE  ALLEGED  PRESENCE  OF  AN  ALCOHOLIC 
ENZYME  IN  ANIMAL  TISSUES  AND  ORGANS. 
By    ARTHUR    HARDEN    and    HUGH   MACLEAN. 

{Lister  Institute,  Biochemical  Department.) 

The  nature  of  the  processes  involved  in  the  utilisation  of  carbohydrate 
material  by  the  animal  organism  has  always  been  obscure,  and,  despite 
the  voluminous  literature  on  the  subject,  our  present  position  amounts 
to  little  more  than  a  recognition  of  the  obvious  fact  that  sugar  is  easily 
and  abundantly  destroyed  in  the  healthy  body. 

The  isolation  of  a  glycolytic  enzyme  from  yeast  by  Buchner 
suggested  that  a  similar  enzyme  might  be  present  in  animal  tissues  ; 
according  to  this  view  glucose  was  supposed  to  be  split  up  in  the  tissue 
cells  into  alcohol  and  CO2,  the  alcohol  in  turn  being  oxidised  into  CO2 
and  HoO.  This  hypothesis  seemed  to  be  substantiated  by  actual 
experiment,  and  though  certain  objections  were  raised  from  time  to 
time  with  regard  to  the  experimental  evidence,  the  occurrence  in  the 
tissues  of  an  enzyme  capable  of  bringing  about  a  true  alcoholic  fer- 
mentation of  sugar  has  steadily  gained  ground ;  at  the  present  time  its 
presence  seems  to  be  fairly  generally  accepted. 

The  evidence  adduced  in  favour  of  this  view  is  : 

1.  When  the  organs  of  dead  animals  are  incubated  in  contact  with 
sugar,  alcohol  and  CO2  are  formed ;  the  same  result  is  obtained  by  using 
tissue  juices  or  powders  prepared  from  such  juices  by  precipitation  with 
alcohol  and  ether. 

2.  Traces  of  alcohol,  or  of  some  body  reacting  as  such,  are  found  in 
the  fresh  organs  and  in  the  blood  of  all  vertebrate  animals  investigated. 
In  certain  cases  it  seems  almost  certain  that  the  substance  obtained  was 
actually  alcohol. 

The  question  of  the  presence  or  absence  of  a  glycolytic  ferment  is 
obviously  of  such  fundamental  importance  in  all  work  having  as  its 
basis  the  investigation  of  carbohydrate  metabolism  in  animals,  that  no 
advance  in  this  direction  seems   probable  until   this  point  is  settled. 
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The  results  of  the  present  investigation  show  that  all  the  evidence 
hitherto  brought  forward  is  capable  of  explanation  without  the  necessity 
of  assuming  the  presence  of  a  zymase-like  ferment  in  the  tissues ;  in 
fact,  it  is  certain  that  much  of  this  evidence  rests  on  a  very  unstable 
foundation,  and  has  been  wrongly  interpreted. 

Observations  on  the  disappearance  of  sugar  in  animal  tissues  or 
juices  have  been  made  by  Claude  Bernard(i).  Lepine(2),  Kraus(3), 
Spitzer(4),  Arthus(5),  Lauder  Brunton(6)  and  many  others.  These 
workers,  however,  discussed  principally  the  destruction  of  sugar,  but  did 
not  deal  with  the  mechanism  involved. 

Among^the  first  to  suggest  the  presence  of  a  zymase-like  enzyme  in 
animal  tissues  was  Blumenthal(7).  He  found  that  expressed  juice  of 
pancreas  was  capable  of  destroying  glucose  with  the  formation  of  CO^, 
but  failed  to  detect  alcohol.  In  1903,  however,  Stoklasa(8)  stated  that 
the  process  of  sugar  destruction  by  the  animal  tissue  was  essentially  of 
the  same  nature  as  the  fermentation  of  sugar  by  yeast,  and  even  claimed 
to  have  succeeded  in  isolating  the  active  substance.  The  correctness  of 
the  statement  has  been  questioned  by  many  observers  who  were  unable 
to  obtain  Stoklasa's  results.  Maze(9)  found  that  the  alcohol-ether 
precipitate  from  ox  lung  gave  a  vigorous  fermentation  when  mixed 
with  glucose,  but  bacteria  were  always  present ;  this  reaction  was  not  a 
true  alcoholic  fermentation,  for,  although  alcohol  and  CO2  were  formed, 
a  good  deal  of  hydrogen  was  evolved,  and  considerable  quantities  of 
lactic  acid  were  also  detected.  Somewhat  similar  negative  evidence 
was  adduced  by  Batelli(io)  and  by  Portier(ii).  In  spite  of  these 
criticisms,  however,  Stoklasa  has  continued  to  advocate  the  correctness 
of  his  views  with  such  persistence  that  their  acceptance  seems  to  be 
gradually  gaining  ground.  It  may  be  at  once  admitted  that  the 
experiments,  described  by  Stoklasa  and  his  colleagues,  have  been 
carried  out  with  great  care,  and  also  that,  under  the  conditions  employed, 
a  destruction  of  sugar  takes  place  with  the  formation,  among  other 
products,  of  carbon  dioxide  and  alcohol.  The  only  question  arising  is 
whether  the  precautions  adopted  were  sufficient  to  eliminate  the 
possibility  of  bacterial  invasion.  Stoklasa  and  his  colleagues  claim  to 
have  proved  the  absence  of  bacteria,  but  it  will  be  shown  later  that  the 
methods  employed  were  quite  unsuited  for  the  purpose. 

The  theory  that  lactic  acid  forms  an  intermediate  product  in  the 
process  of  alcoholic  fermentation  has  undoubtedly  exercised  a  considerable 
degree  of  influence  on  the  development  of  the  experimental  work 
carried   out   with   animal   organs.      Both   Stoklasa   and    Ransom (12) 
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regard  the  well-known  production  of  lactic  acid  in  animal  tissues  after 
death  as  a  step  in  the  process  of  alcoholic  fermentation.  Stoklasa,  in 
fact,  finds  that  large  amounts  of  lactic  acid  are  produced  in  his  ex- 
periments ;  this  is  accounted  for  by  supposing  that,  in  these  cases,  the 
acid  is  being  formed  from  sugar  by  the  zymase  more  rapidly  than  it  is 
being  decomposed  by  the  so-called  lactacidase.  It  has,  however,  now 
been  shown  by  Slatords),  and  also  by  Buchner  and  Meisenheimer(i4), 
that  there  is  no  experimental  evidence  in  favour  of  the  view  that  lactic 
acid  does  actually  form  an  intermediate  stage  in  the  conversion  of  sugar 
into  alcohol  and  carbon  dioxide,  and,  until  some  fresh  evidence  is  adduced, 
this  cannot  be  admitted.  It  seems  probable,  therefore,  that  the  post- 
mortem formation  of  lactic  acid  in  animal  tissues  is  not  in  any  way 
connected  with  alcoholic  fermentation,  and,  moreover,  that  the  formation 
of  lactic  acid  in  glucose  solutions  in  presence  of  animal  tissues,  juices, 
and  powders  is  also  quite  independent  of  the  presence  of  an  alcoholic 
enzyme  in  these  materials. 

Details  of  method  by  which  juices  and  powders  were  obtained.  In 
the  literature  concerning  the  subject  of  this  paper  there  is  such  a 
marked  tendency  to  explain  certain  divergent  results  as  dependent 
on  minor  differences  of  manipulation,  that  it  is  necessary  to  give  exact 
details  as  to  the  methods  utilised  in  procuring  the  substances  used.  In 
all  experiments  with  powders  and  juices,  except  those  in  which  some 
deviation  is  specially  described,  the  following  procedure  was  adopted. 

The  material  was  obtained  as  soon  as  possible  after  death,  either 
from  an  animal  which  had  been  killed  in  the  laboratory,  or  from  the 
slaughter-house ;  in  the  latter  case  the  organ  was  kept  at  a  low 
temperature  during  transit  by  means  of  ice.  It  was  then  minced  as 
finely  as  possible,  and  the  mass  mixed  thoroughly  with  an  equal  amount 
of  silver  sand.  This  mixture  was  thoroughly  ground  up  in  a  large 
mortar,  not  more  than  300  gms.  to  400  gms.  being  used  each  time. 
The  disintegrating  effect  of  the  sand  caused  the  formation  of  a  soft, 
sticky,  pasty  mass.  '  To  this  was  added  kieselguhr  in  amount  sufficient, 
when  thoroughly  mixed,  to  render  the  whole  fairly  consistent.  This 
was  again  thoroughly  ground  up  as  before,  until  it  also  became  somewhat 
pasty.  Finally,  sufficient  kieselguhr  was  added  to  form  a  mass  suf- 
ficiently firm  and  dry  to  form  a  coarse  powder  when  rubbed  between 
the  hands.  The  juice  was  obtained  from  this  mass  by  means  of  a 
hydraulic  press  capable  of  exerting  a  maximum  pressure  of  over  three 
tons  per  square  inch.  The  expressed  juice  was  collected  in  a  tall  glass 
cylinder   surrounded  by  ice.     The   whole    process  was   carried  out  as 
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(juickly  as  possible,  and,  in  general,  the  juice  was  obtained  in  from  1^ 
to  3  hours  after  the  death  of  the  animal ;  in  some  cases  special 
efforts  were  made  to  complete  the  process  within  1  hour  after  death. 

From  this  juice  the  powder  was  prepared  as  follows:  50  c.c.  of 
juice  were  added  slowly  and  with  constant  stirring  to  a  mixture  con- 
sisting of  400  c.c.  absolute  alcohol  and  200  c.c.  ether.  This  was  at 
once  thrown  on  to  a  large  filter  connected  with  a  suction  pump.  By 
this  means  the  precipitate  could  generally  be  separated  from  the 
alcohol-ether  mixture  in  from  1^  to  2J  minutes.  The  residue  was  then 
washed  with  ether,  spread  out  on  a  filter  paper,  and  dried  in  vacuo 
either  at  room  temperature  or  at  35°  C.  In  some  cases  it  was  simply 
spread  out  in  a  thin  film,  and  left  exposed  to  the  air  of  the  laboratory. 
The  whole  mass  dried  very  quickly  whatever  process  was  adopted,  and 
in  from  five  to  fifteen  minutes  formed  a  powder  which  crumbled  on 
being  pressed.  After  being  thoroughly  dried,  the  whole  was  ground 
in  a  mortar  to  a  very  fine  powder,  and  in  this  form  used  for  the 
experiments. 

In  a  few  of  our  experiments  we  obtained  the  tissue-juices  and 
powders  according  to  Stoklasa's  slight  modification  of  Buchner's 
method :  this  consists  in  waiting  till  the  precipitate  separates  out  from 
the  alcohol-ether  mixture,  and  settles  at  the  bottom  of  the  vessel.  The 
alcohol  is  then  decanted  off,  and  the  precipitate  thrown  on  to  a  filter, 
and  washed  with  ether.  As  it  was  found  that  direct  filtration  with  the 
help  of  a  suction  pump  was  the  more  expeditious  method,  this  plan  was 
adopted  in  the  great  majority  of  the  experiments. 

Since  Buchner  has  pointed  out  that  alcohol  exercises  a  deleterious 
effect  on  zymase,  and  that  in  precipitating  the  ferment  by  means  of 
alcohol  it  is  necessary  to  work  very  quickly  in  order  to  limit  as  much 
as  possible  this  destructive  tendency,  a  comparative  experiment  was 
made  with  yeast-juice.  A  sample  of  active  yeast-juice  was  taken  and 
50  c.c.  added  slowly  and  with  constant  stirring  to  a  mixture  composed 
of  alcohol  400  c.c.  +  ether  200  c.c.  This  was  at  once  poured  on  to  a 
large  filter,  and  the  residue  washed  with  ether.  The  time  between  the 
instant  at  which  the  first  portion  of  juice  came  into  contact  with  the 
alcohol  and  the  end  of  the  washing  with  ether  was  exactly  three 
minutes.  The  precipitate  obtained  was  then  dried  in  vacuo  and  ground 
into  a  fine  powder ;  when  quite  dry  it  weighed  4*4  gms.  The  activity 
of  this  powder  was  estimated  at  37°  against  50  c.c.  of  the  same  juice 
under  similar  conditions  as  follows  : 

5—2 
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Exp,   1.  Amount  of  COj  given  oflf 

in  5  hours 

5  gms.  dextrose  +  50c. c.  juice  (Sat.  at  37°  with  CO2)  86-2  c.c. 

5  gms.  dextrose  +  50  c.c.  H20  +  4-4  gms.  powder  82 

(Sat.  at  37°  with  CO2) 

From  these  figures  it  is  clear  that  alcohol  does  not  appreciably 
reduce  the  fermenting  activity  of  zymase  when  the  contact  is  not 
longer  than  three  minutes.  Similar  results  have  been  obtained  by 
Buchner. 

According  to  Stoklasa  it  is  of  very  great  importance  that  the  tissue 
juice  should  be  expressed  at  a  pressure  of  800  to  400  atmospheres;  he 
makes  the  statement  that  powders  obtained  from  juices  expressed  at 
pressures  below  250  atmospheres  are  relatively  inactive,  while  a  pressure 
of  300  to  400  atmospheres  yields  a  fluid  which  furnishes  a  very  active 
powder. 

Unfortunately,  the  meaning  of  the  statement  that  his  active  juices 
were  obtained  at  a  pressure  of  300  to  450  atmospheres  is  not  very 
clear;  if  this  means  that  the  press  gauge  registers  this  pressure,  it 
conveys  no  information  whatever,  for  the  pressure  actually  exerted  on 
the  tissue  may  be  either  greater  or  less  than  this  in  proportion  to  the 
relative  sizes  of  the  plates  used.  In  Buchner's  press  the  actual 
pressure  exerted  per  square  inch  is  much  less  than  that  indicated  by 
the  gauge,  and,  as  Stoklasa  seems  to  use  one  of  these  presses,  it  is 
obvious  that  the  actual  pressure  on  the  material  at  which  he  obtains 
his  juice  is  really  considerably  less  than  850  to  400  atmospheres. 
Since,  however,  he  considers  the  question  of  pressure  to  be  of  maximum 
importance,  it  was  thought  advisable  in  our  experiments  to  state  the 
exact  pressure  at  which  the  juice  was  obtained ;  this  in  every  case 
refers  to  the  actual  pressure  exerted  on  the  tissue,  and  not  that 
registered  by  the  gauge. 

Method  of  estimating  alcoholic  fermentation.  The  purpose  of  this 
investigation  being  to  find  out  whether  or  not  alcoholic  ferifientation 
in  tissues  was  an  established  fact,  no  experiments  have  been  made  to 
ascertain  any  variations  in  the  actual  amount  of  sugar  present  before 
and  after  the  experiment;  the  possibility  of  sugar  being  destroyed  in 
some  other  way  than  by  conversion  into  CO2  and  alcohol  is  not  discussed. 
As  an  index  of  fermentation  we  have  measured  the  amount  of  CO2 
given  off  in  any  given  time.  This  was  done  by  means  of  the  apparatus 
fully  described  by  Harden,  Thompson  and  YoungOs),  in  which  the 
flask  containing  the  fermenting  material  is  connected  with  an  azoto- 
meter,  into  which    the   gas   passes   over   as  it    forms.     After   making 
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allowances  for  pressure  in  the  ordinary  way,  the  volunu;  of  gas  given 
off  in  any  given  period  can  be  accurately  determined.  The  instrument 
is  exceedingly  delicate,  and  well  suited  for  the  determination  of  a  small 
amount  of  fermentation.  It,  moreover,  possesses  the  great  advantage  of 
providing  an  accurate  index  of  what  is  actually  taking  place  at  any 
given  time  in  the  course  of  the  experiment,  and  so  furnishes  most 
valuable  information,  which  it  is  quite  impossible  to  obtain  when  the 
CO2  is  collected  in  KOH  and  weighed  as  done  by  Stoklasa,  and  this 
after  long  intervals.  All  our  experiments  were  carried  out  at  a 
temperature  of  37°  C,  the  procedure  being  as  follows. 

A  certain  amount  of  aqueous  solution  of  dextrose  was  warmed  to  37"* 
in  the  water  bath  of  the  apparatus ;  it  was  then  connected  with  the 
azotometer  and  saturated  with  CO2;  when  equilibrium  was  established 
the  powder  or  other  substance  was  added,  and  the  whole  again  saturated 
with  CO.2.  By  removing  the  flask  from  the  bath  at  short  intervals  and 
shaking  vigorously,  any  CO2  that  tended  to  remain  in  the  flask  in  a 
supersaturated  condition  was  driven  off,  so  that  equilibrium  at  37°  was 
soon  established.  Any  trace  of  COo  now  generated  by  the  mixture  at 
once  increased  the  pressure,  and  a  corresponding  amount  of  gas  passed 
over  into  the  azotometer.  In  this  way  an  accurate  index  of  what  was 
happening  inside  the  fermenting  flask  could  be  obtained  without 
disconnecting  or  interfering  in  any  way  with  the  apparatus.  The 
nature  of  the  gas  given  off  is,  of  course,  impossible  to  ascertain  in  cases 
where  only  traces  are  evolved,  for,  since  the  whole  apparatus  is  filled 
with  CO2  to  begin  with,  a  corresponding  amount  of  this  gas  is  displaced, 
whatever  be  the  nature  of  the  gas  generated.  This,  however,  applies 
only  to  small  quantities,  for,  after  a  short  time,  if  the  fermentation  is  at 
all  vigorous,  the  actual  gas  generated  passes  over.  It  is  advisable  in 
ail  cases  to  saturate  the  mixture  with  CO2  at  the  beginning  of  the 
experiment,  otherwise  some  of  the  gas  formed  at  first  may  be  held  in 
solution  in  the  fluid,  and  its  presence  overlooked ;  this  precaution  also 
ensures  anaerobic  conditions. 

Discussion  of  results  previously  obtained  ivith  powders  prepared  from 

tissue  juices.     An  examination  of  the  results  obtained  by  the  advocates 

of   alcoholic   fermentation   shows   that   the   amount  of  CO.,  evolved  is 

relatively  very  great.     Thus  Stoklasa  obtained  the  following  figures  in 

certain  of  his  experiments  using  5 — 10  gms.  of  material. 

Powder  from  flesh  in  18  hours  =  0*732  gms.  CO.2. 

„  „      lungs  „  24      „      =1-72  ,, 

„      liver   „  60     „      =0-7621       ,, 

„      flesh   „  52      „      =1-88 
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And  somewhat  similar  results  have  been  obtained  by  Simacekde)  and 
others.  Nearly  all  the  experiments,  however,  suffer  from  the  drawback 
that  observations  were  recorded  only  after  the  sugar  and  powder  mixture 
had  been  incubating  for  many  hours.  If  an  alcoholic  ferment  is  really 
present,  it  ought  to  exert  its  maximum  action  in  a  short  time,  and  then 
gradually  decrease  in  efficiency.  The  possibility  of  the  presence  of  a 
pro-enzyme  will  be  discussed  later. 

Observations  taken  at  short  intervals  are  of  much  greater  value 
than  those  taken  for  instance  every  12  hours,  for. the  former  give  some 
indication  whether  the  rate  of  reaction  is  at  all  in  accordance  with  what 
might  be  expected  from  bacterial  action. 

Experiments  without  antiseptics.  It  is  generally  admitted  that 
antiseptics  have  a  marked  influence  in  inhibiting  the  action  of  tissue 
preparations  when  incubated  with  sugar,  and  Stoklasa  and  his  followers 
explain  this  as  a  detrimental  action  of  the  antiseptics  on  the  alcoholic 
enzyme.  Simacek,  recognising  this  action,  did  not  use  any  antiseptics 
in  some  parts  of  his  work,  but  relied  on  a  highly  concentrated  sugar 
solution  to  exclude  bacterial  action.  Oppenheimer(i7),  who  seems  to 
accept  Stoklasa's  views,  observes  that  the  antiseptics  used  with  a 
view  to  eliminate  the  action  of  "bacteria"  may  have  been  applied  in 
such  concentration  as  to  have  defeated  their  purpose,  in  that  they 
caused  destruction  of  the  enzyme  ;  he  thus  explains  the  results  of  those 
observers  who  have  been  unable  to  confirm  Stoklasa's  work.  On 
reading  Oppenheimer's  observations  the  impression  is  obtained  that 
this  author  treats  the  cry  of  "  bacteria "  as  something  which  has  been 
much  overdone ;  he  makes  the  statement  that  bacteria  do  not  account 
for  the  results  obtained  by  Stoklasa  and  his  colleagues.  Unfortunately, 
the  evidence  on  which  this  statement  is  based  is  wanting.  Stoklasa 
adduces  but  little  proof  that  the  fermentations  observed  by  him  have 
taken  place  shortly  after  the  mixtures  were  placed  in  the  incubator. 
It  is  true  that  in  a  few  instances  it  is  said  that  "  fermentation  began 
immediately,"  but  in  many  cases  this  would  seem  to  refer  to  what 
appeared  to  be  fermentation,  the  appearance  of  some  bubbles  or  froth 
in  the  mixture.  (In  two  cases,  however,  it  is  claimed  that  after  two 
hours  0-272  gm.  and  0'23  gm.  CO2  were  found.)  In  many  of  our  ex- 
periments we  have  observed  this  effect,  but  it  was  in  no  case  accompanied 
by  evolution  of  gas,  and  appeared  to  be  caused  by  the  manipulation 
necessary  to  mix  the  sugar  solution  and  powder.  In  appearance  it 
often  closely  represents  what  is  seen  in  an  ordinary  yeast-juice  fermenta- 
tion, and,  if  appearance  alone  were  considered,  it  might  certainly  be 
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taken  as  evidence  of  fermentation.  Our  apparatus,  however,  gave  us 
the  great  advantage  of  knowing  exactly  whether  or  not  this  frothing 
during  the  first  few  hours  coinci(]e(l  with  the  production  of  gas,  and 
our  observations  prove  that  it  is  simply  a  physical  phenomenon,  and 
connected  in  no  way  with  fermentation.  It  is  very  likely  that  some  of 
Stoklasa's  results  are  to  be  explained  in  this  way.  In  no  single  case 
have  we  been  able  to  obtain  any  real  evidence  of  fermentation  for  some 
hours  after  the  mixture  had  been  incubated  at  37°. 

Action  of  tissue-juice  powders  on  glucose  solution.  The  general 
result  obtained  is  seen  in  Exp.  2.  After  mixing  the  materials,  it  takes 
about  \  hour  to  get  equilibrium  established,  and  after  this  it  will  be 
noticed  that  little  or  no  gas  is  given  off  for  about  b^  hours,  when 
fermentation  begins.  In  some  cases  a  very  small  trace  of  gas  is  evolved 
during  the  first  few  hours,  but  it  will  be  shown  later  that  this  is 
dependent  on  physical  conditions,  and  does  not  indicate  fermentation. 
It  is  always  slight  in  amount,  and  would  in  no  case  be  of  any  importance 
when  considered  in  relation  to  the  large  amounts  of  COo  claimed  to 
have  been  observed  by  the  advocates  of  alcoholic  fermentation. 

Exp.  2.  15  gms.  ox  liver  powder,  obtained  from  juice  prepared  at  a  pressure  of 
3  tons  per  square  inch  of  material,  were  mixed  with  50  c.c.  of  10  %  dextrose  solution 
which  had  been  previously  saturated  with  COg  at  37°  C.  The  mixture  was  again  saturated 
with  CO2,  and  placed  in  the  water  bath  at  37°  at  11.25  a.m.  It  was  twice  shaken,  and 
the  first  reading  taken  at  11.30:  records  were  then  taken  every  half-hour  for  12  hours. 
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Observations 


Froth  very  marked. 


Flask  full  of  froth. 


In  this  experiment  only  4*8  c.c.  of  gas  were  given  off  in  the  first  5^ 
hours,  and  of  this  amount  3*7  c.c.  were  evolved  shortly  after  the  mixture 
was  made  as  the  result  of  establishment  of  equilibrium.  This  leaves 
the  small  amount  of  I'l  c.c.  gas  in  5^  hours  as  possibly  due  to  alcoholic 
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fermentation.  That  this  is  not  its  origin  will  be  shown  by  later  ex- 
periments. After  this,  fermentation  went  on  slowly  but  steadily,  and 
increased  every  J  hour,  in  many  cases  doubling  itself  in  this  time.  It 
attained  a  maximum  after  11 J  hours,  and  continued  for  a  considerable 
time,  gradually  diminishing  in  intensity  during  the  next  12  hours,  till, 
ultimately,  in  three  to  four  days,  the  action  ceased.  This  experiment 
is  a  good  example  of  what  is  obtained  in  all  similarly  conducted  ex- 
periments; naturally,  there  are  certain  unimportant  variations  as  regards 
amount  of  gas  given  off  and  other  particulars,  but  the  general  picture 
is  always  the  same,  and  shows  that  fermentation  begins  only  after 
several  hours.  This  can  only  mean  that,  if  the  fermentation  is  due  to 
an  enzyme,  the  substance  was  originally  present  in  the  form  of  a 
zymogen ;  on  the  other  hand,  it  points  very  strongly  to  bacterial 
infection.  It  is  well  known  that  many  bacteria,  when  growing  in 
suitable  media,  can  double  their  numbers  in  about  ^  hour ;  this 
observation  agrees  fairly  well  with  what  is  observed  by  experiment, 
there  being  a  marked  tendency  for  the  amount  of  gas  evolved  during 
the  first  few  hours  of  commencing  fermentation  to  double  in  amount 
every  half  hour.  The  possibility  of  a  zymogen,  however,  was  investi- 
gated, and,  as  it  was  noticed  that  fermentation  was  always  accompanied 
by  the  production  of  lactic  acid,  some  powder  was  incubated  with  a  small 
amount  of  this  acid  in  the  presence  of  sugar ;  it  was  thought  possible 
that  the  acid  might  act  as  an  activator  to  the  zymogen,  if  present. 
The  result,  however,  was  always  the  same;  fermentation  began  as 
usual  after  some  hours,  and  pursued  the  same  course  as  before.  All 
experiments  in  this  direction  agreed  in  furnishing  no  evidence  whatever 
of  the  presence  of  any  zymogen-like  body.  On  the  other  hand,  bacteria 
were  found  in  every  case. 

In  these  experiments  powders  obtained  from  the  following  tissues 
and  organs  were  used  : 

Ox  =  Liver,  kidneys,  pancreas,  blood,  lungs,  heart. 

Rabbit         =  Flesh,  liver. 

Guinea-pig  =  Flesh. 

Pig  =  Liver  and  pancreas. 

In  no  case  was  any  evidence  of  an  alcoholic  enzyme  obtained.  In 
certain  cases  modifications  of  the  above-described  processes  were  tried, 
but  always  with  the  same  result,  viz. :  that  fermentation  began  after  a 
certain  number  of  hours  in  all  cases,  but  bacteria  were  then  always 
present.  In  many  of  our  experiments  elaborate  precautions  were 
adopted   to   prevent  bacterial   invasion   in   the    hope    of  obtaining   an 
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aseptic  substance,  but  the  results  have  convinced  us  that  it  is  practically 
impossible  to  obtain  an  aseptic  powder,  whatever  precautions  are 
adopted.  It  might  be  thought  that  treatment  with  alcohol  vv(»uld 
destroy  any  bacteria  present,  but  it  must  be  remembered  that  in  the 
preparation  of  the  powder  the  contact  is  of  such  short  duration  as  to 
render  it  very  doubtful  whether  this  is  perfectly  etfective  in  this  respect. 
Even  if  it  were  so,  it  is  extremely  difficult,  if  not  impossible,  to  prevent 
subsequent  infection  during  the  drying  of  the  powder.  The  extreme 
difficulty,  or,  probably,  impossibility  of  obtaining  an  aseptic  powder 
can  only  be  realised  by  those  who  have  actually  tried  the  experiment. 
Often  the  cases  in  which  the  most  elaborate  precautions  were  adopted 
yielded  powders  which  seemed  to  be  more  infected  than  others  obtained 
without  adopting  any  special  precautions.  The  following  experiment 
is  interesting  in  showing  that  bacteria  may  escape  the  action  of  alcohol. 


Exp.  3.  A  sample  of  fermenting  guinea-pig  flesh  was  found  to  contain  in  abundance 
a  long,  rather  thick  bacillus.  A  broth  consisting  of  peptone  and  extract  of  bullock's 
heart,  to  which  a  little  sodium  chloride  had  been  added,  was  inoculated  with  this 
bacillus ;  about  2  7o  dextrose  was  also  added,  together  with  some  calcium  carbonate,  and 
the  whole  put  into  the  incubator  at  37°  for  30  hours.  The  solution  was  then  treated  with 
alcohol  and  ether,  exactlj'  as  the  tissue  juices.  A  small  amount  of  a  precipitate  was 
obtained,  the  whole  manipulation  taking  4|  mins.  This  powder  was  carefully  dried  in 
vacuo  at  35°,  and  added  to  a  mixture  consisting  of  25  c.c.  of  the  above  broth  containing 
1  °/o  dextrose.  The  flask  was  then  placed  in  the  water  bath  at  37°,  saturated  with  COo , 
and  the  result  observed,  allowance  being  made  for  establishment  of  equilibrium. 
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Demonstration  of  bacteria  in  the  fermenting  mixture.  The  method 
adopted  was  to  take  a  small  amount  of  the  fermenting  material  on  a 
slide,  and  form  a  thin  film,  which  was  dried,  and  fixed  by  means  of  heat 
in  the  usual  way.  It  was  then  placed  in  an  alcoholic  methylene  blue 
solution  for  a  minute  or  two,  and  examined.  This  simple  process  we 
found  very  suitable.  Occasionally  treatment  of  the  film  with  a  solution 
of  80  7o  alcohol  containing  1-2  7o  of  acetic  acid  helped  to  render  the 
bacteria  evident.  As  a  general  rule  no  difficulty  was  experienced  in 
finding  them  ;  in  other  cases  it  was  a  laborious  process,  owing  to  the  large 
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amount  of  extraneous  matter  on  the  slide,  though  even  in  these  latter 
cases  a  suitable  film  was  found  to  be  absolutely  swarming  with  them. 

Action  on  glucose  of  the  bacteria  isolated  from  the  fermenting  mixture. 
The  next  point  for  consideration  was  whether  the  bacteria  really 
caused  the  fermentation.  This  was  tested  by  inoculating  a  suitable 
mixture  containing  sugar,  which  had  been  previously  sterilised  in  the 
autoclave,  with  a  portion  of  the  fermenting  mixture  from  one  of  the 
experiments.  A  positive  result  was  generally  obtained,  though  the 
process  was  not  so  vigorous  as  the  original  fermentation.  This  can  be 
easily  explained  by  the  fact  that  the  tissue  powders  provide  a  more 
suitable  medium  for  the  bacteria  than  does  peptone.  The  experiment 
was  carried  out  exactly  as  the  original  one,  so  that  the  conditions  in 
both  cases  were  identical ;  it  was  always  found  that  the  bacteria  caused 
fermentation  of  sugar  if  the  inoculation  sample  was  procured  during  the 
height  of  active  fermentation.  As  a  rule  the  original  fermentation  of 
the  powder  continued  for  three  to  four  days,  and  then  died  out ;  in 
many  cases,  an  inoculation  after  this  period  gave  no  fermentation  in 
the  glucose  medium.  In  such  a  case,  however,  the  bacteria  were 
probably  killed  by  the  acid  formed  as  the  result  of  fermentation,  so  that 
no  growth  could  be  expected.  Bacteriologists  have  repeatedly  shown 
that  certain  sugar- fermenting  bacteria  are  killed  by  the  action  of  their 
fermentation  products,  so  that,  while  inoculations  taken  from  a  mixture 
at  the  beginning  of  fermentation  show  a  good  growth  and  ferment 
glucose  vigorously,  no  action  is  obtained  if  the  sample  is  taken  from  a 
fermentation  that  has  been  going  on  for  some  daysds).  It  is  thus 
obvious  that  the  failure  to  obtain  living  bacteria  from  a  mixture  that 
has  been  fermenting  for  some  days  is  no  proof  whatever  that  bacteria 
have  not  been  present.  In  several  such  cases  the  examination  of  films 
demonstrated  their  existence.  Now  Stoklasa  assumes  the  absence  of 
bacteria  from  the  fact  that  he  has  been  unable  to  obtain  growth  when 
suitable  media  are  inoculated  with  the  fermenting  substance  after  the 
fermentation  is  complete,  and  it  will  be  seen  from  the  foregoing  that  no 
growth  could  have  been  expected  under  the  circumstances.  Sometimes 
we  have  obtained  growth  after  several  days  of  fermentation,  but  in 
other  cases  in  which  positive  results  were  obtained  at  an  earlier  period — 
say  after  12  hours'  fermentation — no  growth  could  be  obtained  after 
five  days. 

Exp.  4.  Powder  was  obtained  from  the  flesh  of  guinea-pigs  in  the  usual  way,  a 
pressure  of  2  tons  per  square  inch  having  been  used.  4-9  gms.  powder  +  50  c.c.  15  7o 
glucose  incubated  at  37°  gave  the  following  figures  : 
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*  Much  gas  was  lost  during  night. 

Bacteria  found  in  abundance:  many  rod-like  bodies. 

Inoculated  28  c.c.  broth   containing   1  %  sugar  incubated  at  37^  and  observed  the 
fermentation. 
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Bacteria  found  in  fair  abundance :  many  rod-like  bodies  as  in  original  fermentation. 

Exp.  5.     10  gms.  ox  liver  powder  (from  juice  obtained  at  pressure  of  2| — 3  tons) 
+  50  c.c.  5  7o  glucose  sol.  not  saturated  with  COo. 
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Bacteria  present  in  abundance. 
Inoculation  into  glucose  gave  29  c.c.  gas  in  18  hours. 

Numbers  of  similar  experiments  were  carried  out,  and  always  with 
the  same  general  result. 

Simacek(i6)  states  that  bacterial  action  was  prevented  in  his  experi- 
ments by  the  use  of  highly  concentrated  sugar  solution,  but  this  view 
is  not  in  accordance  with  experimental  evidence.  This  experimenter 
used  maltose  and  lactose  in  oO^o  solution,  and  obtained  a  production  of 
carbon  dioxide,  which  he  claimed  to  be  formed  by  an  enzyme,  but  did 
not  use  dextrose  in  this  high  concentration.  On  testing  this  point,  we 
have  found  that  certain  bacteria  can  grow  quite  well  in  solutions  of 
maltose   and  lactose    equal  in  strength  to  those  used  by  Simacek. 
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Even  in  80  7o  dextrose  solution  a  fair  amount  of  growth  was  obtained, 
though  it  was  not  nearly  so  marked  as  in  the  case  of  the  disaccharides. 
This  is  probably  due  to  the  fact  that  solutions  of  dextrose  have  nearly 
twice  as  great  an  osmotic  pressure  as  solutions  of  the  disaccharides 
containing  the  same  percentage  of  the  sugar.  That  bacteria  can 
flourish  in  20^0  solution  of  glucose  is  seen  by  Exp.  4,  in  which  this 
concentration  of  sugar  was  employed.  That  15*^/o  dextrose  solution  is 
easily  decomposed  by  bacteria  is  shown  by  Exp.  6,  carried  out  with  a 
pure  culture  of  B.  lactis  cerogenes. 

Exp.  6.  A  flask  containing  50  c.c.  of  a  mixture  of  dextrose  15  gms.+ peptone  1  gm. 
+  distilled  water  100  c.c.  was  inoculated  with  the  Bacillus  lactis  cerogenes.  After 
21  hours  it  yielded  22*5  c.c.  gas,  and  continued  to  ferment  for  26  hours,  yielding  an 
average  of  2-9  c.c.  to  2-3  c.c.  per  hour.     The  experiment  was  then  discontinued. 

In  the  light  of  the  above  evidence  the  presence  of  a  zymase 
can  only  be  maintained  on  the  assumption  that  the  enzyme  is  present 
in  an  inactive  form  and  that  it  manifests  its  presence  at  the  same 
time  as  the  bacteria  become  active ;  in  this  way  its  effect  would 
be  obscured  by  the  bacterial  action,  both  processes  going  on  together. 
The  fact  that  activity  is  never  manifested  unless  bacteria  are  present 
in  numbers  capable  of  being  easily  demonstrated  by  the  microscope 
renders  it  impossible  to  prove  such  an  opinion  by  experiments  of 
this  kind.  If  a  zymogen  were  present,  it  is  conceivable  that,  in  some 
instances,  its  action  might  be  obscured  by  bacterial  contamination,  but 
on  the  other  hand,  since  bacteria  take  from  five  to  eight  hours  or 
more  to  produce  their  effect,  its  action  should  sometimes  be  manifested 
earlier.  That  it  has  never  once  been  so  in  a  long  series  of  experiments 
may  be  accepted  as  a  proof  that  it  is  not  present  in  amount  sufficient 
to  produce  the  results  claimed  for  it.  That  traces  of  some  such  ferment 
may  be  contained  in  the  tissues  we  do  not  pretend  to  deny,  but,  up  to 
the  present,  no  cogent  evidence  has  been  adduced  in  support  of  such  a 
contention. 

That  a  very  marked  amount  of  fermentation  takes  place  generally 
within  12  hours,  and  that  this  fermentation  is  due  to  bacteria,  we 
consider  as  proved.  Examination  of  the  nature  of  the  gas  given  off 
furnishes  further  evidence  in  support  of  this. 

Nature  of  gas  given  off  in  fermentation  experiments.  Unlike  yeast 
fermentation,  the  gas  given  off  from  tissue  powders  is  not  pure  COg. 
A  certain  amount  of  this  gas  is  present,  but  the  quantity  is  variable  ; 
it   is   always  associated   with   an   inflammable  gas   which   is  probably 
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hydrogen.     In  five  different  samples  cxamiixid  the;  prop')rtir,iiH  of  (XJ.^ 
to  inflammable  gas  (taken  as  hydrogen)  were  as  follows : 

{The  figures  refer  to  parts  per  hundred.) 


fo. 

COj  in  c.c. 

H  in  c.c 

1 

53-8 

40-2 

2 

28-1 

71-9 

3 

20-3 

71) -7 

4 

43-4 

56-6 

5 

31-5 

68-5 

This  fact  alone  is  very  suggestive  of  bacterial  action,  although 
S  to  k  las  a  regards  the  hydrogen,  which  he  observed  in  many  instances, 
as  due  to  enzymic  action.  It  may  be  noted,  however,  that  no  inde- 
pendent evidence  for  the  production  of  hydrogen  by  the  action  of  an 
enzyme  exists,  so  that  this  question  is  on  exactly  the  same  footing  as 
that  of  the  existence  of  an  alcoholic  enzyme  in  the  tissues. 

Experiments  with  Antiseptics.  The  chief  antiseptic  used  was  toluene; 
this  substance,  when  present  in  suitable  amount,  possesses  the  advantage 
of  being  fairly  effective  in  preventing  bacterial  growth,  while,  at  the 
same  time,  it  does  not  appreciably  diminish  the  action  of  yeast  zymase. 
Thus,  it  possesses  the  characteristics  most  suitable  for  the  detection  of  a 
possible  alcoholic  ferment  in  the  tissues.  Our  results  with  small  amounts 
of  antiseptics  were  similar  in  kind  to  those  obtained  when  no  antiseptics 
were  employed,  the  only  difference  being  the  manifestation  of  a  tendency 
for  fermentation  to  be  delayed  ;  often  it  was  also  less  vigorous.  This  delay 
was  accentuated  in  proportion  to  the  concentration  of  antiseptic  used, 
till,  ultimately,  no  fermentation  whatever  took  place.  Quantities  of 
toluene  that  were  quite  ineffective  in  inhibiting  yeast-juice  fermentation 
absolutely  prevented  every  trace  of  reaction  when  tissue  products  were 
used.  This  suggests  that,  if  any  alcoholic  enzyme  really  exists  in  the 
tissues,  it  differs  materially  from  the  yeast  enzyme. 

It  might  be  argued  that  the  enzyme  present  in  the  tissues  could 
hardly  be  expected  to  approach  in  amount  or  activity  that  of  the  yeast 
enzyme;  such  a  supposition  is  hardly  in  harmony  with  Stoklasa's 
experimental  results,  for,  if  we  accept  the  products  observed  by  him  as 
the  results  of  true  enzyme  activity,  then  their  comparatively  large 
amount  proves  that  any  enzyme  capable  of  generating  them  must  be  quite 
as  active  as  that  obtained  from  many  samples  of  yeast-juice. 

A  reference  to  the  experiments  of  Arnheim  and  Roseubaum(i9) 
shows  that  in  many  cases  the  amount  of  antiseptic  used  did  not  prevent 
bacterial  action  ;  in  these  cases  the  results  were  discarded.     The  fact 
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that  bacteria  grew  freely  in  certain  cases  under  the  same  conditions  as 
those  used  for  the  other  experiments  shows  that  the  antiseptics  employed 
were  not  reliable. 

Many  experiments  were  carried  out  by  us  with  different  amounts  of 
antiseptic,  and  different  results  were  obtained  according  to  the  amount 
used,  as  explained  above ;  the  important  point,  however,  is,  that  in 
every  case  in  which  fermentation  took  place,  micro-organisms,  capable  of 
fermenting  sugar,  were  detected  in  abundance  in  the  fermenting  fluid. 
To  this  there  was  no  exception ;  usually  they  were  easily  demonstrated ; 
in  other  cases  with  difficulty,  as  already  explained.  In  all,  their  presence 
was  sufficient  to  account  for  the  reaction  observed. 

The  experiments  recorded  below  bring  out  the  above  points. 

Exp.  7.  Ox  liver  powder  prepared  from  juice  at  pressure  of  3  tons  was  mixed  with 
sugar  solution,  and  different  amounts  of  toluene  added  ;  each  mixture  was  then  incubated 
at  37°  C.  in  the  usual  way.     The  effect  of  the  antiseptic  is  well  seen. 


Mixture  used 


1. 
2. 

3. 
4. 


10  gms.  powder +  50  c.c. 
5  "/o  glucose  solution 


>>  »> 


»)  >> 


Amount  of 
toluene  added 

C.c.  gas 
evolved 

None 

113+  in 
24  hours 

0-2  c.c.= 

(•4»/o) 

110+  in 
24  hours 

0-3  c.c.= 

(•6%) 

37  in 
48  hours 

0-7  c.c.= 

(1-4%) 

None 

Remarks 

Very  vigorous  fermentation. 
Bacteria  found  in  abundance. 

Very  vigorous  fermentation  ; 
swarming  with  bacteria :  rate 
of  fermentation  at  end  of 
24  hrs.  was  3  c.c.  gas  every 
5  min. 

Bacteria  found  ;  many  cocci ; 
smells  strongly  of  toluene. 


Here  0*4  "/o  toluene  had  little  effect,  while  "6  ^o  caused  considerable 
delay  in  fermentation.  This  experiment  was  stopped  after  48  hours,  for, 
from  our  experience  of  these  mixtures,  we  knew  that  once  fermentation 
gets  a  start  it  goes  on  vigorously  in  spite  of  toluene.  All  the  above  were 
thoroughly  shaken  at  frequent  intervals.  When  the  flasks  were  left  to 
stand  without  shaking,  large  quantities  of  toluene  were  required  to 
prevent  fermentation.  In  Stoklasa's  method,  in  which  hydrogen  is 
continuously  passed  through  the  flask  during  the  experiment,  there 
must  be  a  great  tendency  for  all  volatile  antiseptics  to  be  carried  over. 

Exp.  8.    10  gms.  ox  liver  powder  (pressure  2i  tons)  +  50  c.c.  15  %  glucose  + 1  "/„  toluene 
incubated  as  above  gave  the  following  figures  : 

In  24  hours  =  2*5  c.c.  gas. 

,.   48      „  =  71-4       „ 

After  this  time  a  very  vigorous  fermentation  was  taking  place  as  indicated  by  the 
figures. 


m 
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49.  Ist  hour     =     11-2  c.c.  gas. 

50.  2nd    „        =     11-3 

51.  3id     „        =     12-8 


52.  4th  hour     =      12  c.c.  gaH. 

53.  5th     „        =     11-4     .. 


51.     0th     „        =     10-1     ,, 
This  continued  for  several  hours  and  then  slowly  decreased  in  amount.     It  was  still 
fermenting  with  some  vigour  three  days  afterwards. 

Many  more  experiments  of  the  same  kind  were  made,  but  the  results 
were  always  somewhat  similar.  In  general,  however,  no  fermentation 
was  induced  when  more  than  1  ^o  toluene  was  present.  In  some  ca.ses 
less  than  1  7o  completely  prevented  fermentation,  at  least  for  one  or  two 
days. 

It  would  seem  that  the  exhibition  of  a  quantity  of  toluene,  which 
might  fairly  be  assumed  to  act  as  a  preventive  to  bacterial  growth, 
effectually  prevents  fermentation.  Bacteria  and  fermentation  always  go 
together ;  these  bacteria,  moreover,  are  actually  capable  of  inducing 
fermentation  yielding  alcohol  and  carbon  dioxide  among  the  products. 
There  is,  therefore,  no  reason  to  assume  that  bacteria  are  not  the  cause 
of  the  phenomenon  observed.  Oppenheimer's  conception  that  bacteria 
only  form  alcohol  from  glucose  in  trifling  amount  is  not  a  valid  one;  in 
reality,  considerable  amounts  of  this  substance  are  produced  by  many 


bacteria.     I  he  loliowmg  h 

gures  are  in 

iterestmg  in  this  c 

onnect 

ion  (31) : 

Organism 

Sugar  used 

Amount  of  CO2 

found  in  percentage  of 

sugar  decomposed 

Amount  of  alcohol 

formed  in  percentage  of 

sugar  det'omposed 

B.  lactis  cerogenes 

Glucose 

38-0 

170 

B.  coli  communis 

18-09 

12-85 

5>                              >> 

12-1 

10-2 

,,              ,,        abnormal  strain 

12-85 

8-9 

5>                                 >» 

14-6 

14-33 

5»                                 5> 

18-5 

24-5 

*»                                    51 

Levulose 

13-07 

11-5 

Some  of  these  numbers  show  as  close  a  correspondence  to  alcoholic 
fermentation  as  many  of  the  experiments  of  Stoklasa. 

It  is  now  known  that  toluene  is  a  much  more  powerful  antiseptic 
than  thymol,  and  since  Stoklasa  in  his  experiments  with  antiseptics 
generally  used  thymol,  and  that  in  a  concentration  of  '470  only,  it  is 
unlikely  that  its  presence  was  of  much  importance  in  preventing 
bacterial  growth.  On  the  other  hand  Buchner  has  shown  that  thymol 
is  more  harmful  than  toluene  towards  zymase. 

A  curious  point,  difficult  to  explain  except  on  the  assumption  of 
bacterial  action,  is  encountered  when  we  examine  certain  work  on  the 
action  of  the  pancreas.  Arnheim  and  Rosenbaum(i9)  found  that 
when  1  to  2  gms.  of   acetone  pancreas   powder  were  incubated   with 
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107  dextrose  solution  and  chloroform  a  considerable  amount  of  CO2  was 
given  off.  In  three  different  experiments  0"05S  gm.,  0*140  gm.,  and 
01 58  gm.  of  CO2  were  given  off  in  24  hours.  In  another  case  no  less 
than  0*305  gm.  GO2  was  evolved  in  48  hours.  Simacek  found  that 
01 64  gms.  of  pancreas  powder  (alcoholic  precipitate)  gave  0*42  gm. 
CO  in  four  days.  Stoklasa  also  in  1904  found  that  pancreas  was  very 
active.  In  one  of  his  latest  publications  (Sep.  1909),  however,  he  shows 
that  pancreas  powder  does  not  contain  any  alcoholic  enzyme,  and  is 
incapable  of  forming  CO2  from  dextrose(2o).  One  of  these  experiments 
is  as  follows : 

6-2  gms.  pancreas  alcohol-ether  powder +  50  c.c.  10  ^/^  glucose  at  37°. 

After  8  hours  =  0-006  gms.  CO2  evolved. 

0-002         ,,         found  in  sol. 

0-008  gms.  together. 

If  this  last  statement  is  correct,  then  it  follows  that  all  the  other 
observers  who  found  the  pancreas  active  must  have  been  mistaken ;  it 
also  proves  that  Stoklasa's  former  results  wdth  pancreas  powder 
were  not  due  to  an  enzyme ;  if  so,  we  may  assume  that  they  were 
caused  by  bacteria. 

In  this  later  paper  he  admits  that  in  all  the  cases  examined  bacteria 
were  found  in  the  fermenting  mixture  after  24  hours.  He  also  states 
that  when  antiseptics  were  employed  in  the  usual  amount  they  were 
capable  of  destroying  any  sugar-fermenting  enzyme  present.  This 
practically  amounts  to  an  admission  that  antiseptics  are  more  harmful 
to  the  enzyme  than  to  bacteria.  If  this  is  true  for  the  pancreas  enzyme, 
may  it  not  with  all  fairness  be  supposed  to  apply  to  any  similar  enzyme 
in  other  tissues  ? 

The  acceptation  of  such  a  view  throws  out  of  court  nearly  all  the 
experiments  hitherto  done  on  the  subject ;  it  is  unnecessary,  however, 
to  press  the  argument  to  this  conclusion;  sufficient  has  been  said  to  show 
the  nature  of  the  experimental  evidence  on  which  the  existence  of  this 
enzyme  is  based. 

Experiments  with  finely -minced  organs  and  flesh.  The  amount  of 
mechanical  manipulation  necessary  to  procure  tissue-juice  powders 
obviously  increases  the  difficulties  of  working  aseptically.  It  was 
thought  that  contamination  might  be  avoided  by  using  the  tissue  itself 
either  whole  or  in  a  finely  divided  form.  In  this  case  mechanical 
interference  was  reduced  to  a  minimum,  and  little  opportunity  for  sepsis 
seemed  possible.     Our  first  experiments  were  carried  out  with  minced 
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flesh,  but,  in  spite  of  the  greatest  precautions,  it  was  found  (juite 
impossible  to  avoid  infection  with  bacteria.  Some  experiments  were 
done  without  antiseptics,  and  in  others  toluene  was  employed;  the  effect 
of  antiseptics  was  somewhat  similar  to  that  described  above,  when  tissue 
powders  were  used.  In  the  case  of  minced  tissue,  however,  more  toluene 
could  generally  be  added  without  inhibiting  fermentation.  This  probably 
depended  on  the  large  bulk  of  protein  present  preventing  thorough  access 
of  the  toluene  to  all  parts  of  the  mass;  part  of  the  toluene  also  may 
have  combined  with  the  protein.  The  results  obtained  are  seen  in  the 
next  experiments. 

Exp.  9.  A  rabbit  was  killed,  skinned,  and  eviscerated  :  the  head  was  cut  off,  and  the 
remainder  of  the  body  passed  through  a  mincing  machine.  All  the  usual  precautions  to 
avoid  infection  were  taken,  every  vessel  and  instrument  used  in  the  experiment  having 
been  sterilised  beforehand  in  the  autoclave.  Three  portions  of  40  gms.  each  of  the  minced 
mass  were  weighed  in  a  sterile  dish,  and  each  portion  transferred  to  a  separate  flask  con- 
taining 60  c.c.  of  sterile  2  ^^  glucose.     The  flasks  were  ready  twenty  minutes  after  death. 

Flask  A  contained  no  antiseptic. 
,,     B         ,,  \  c.c.  toluene. 

n  1 

The  contents  of  each  flask  were  then  saturated  with  COg  at  37°,  and  connected  with 
the  azotometer  as  usual.  Readings  were  commenced  1  hour  after  the  flasks  were  put  into 
the  bath,  and  continued  at  frequent  intervals  afterwards.  The  rate  of  fermentation  was 
as  follows  ;  each  reading  refers  to  the  amount  of  gas  given  off  since  the  last  reading  : 


No. 

of  c.c.  gas  given  olf  since 

A 

last  reading 

Time  in  hours 

Flask  A 
(no  antiseptic) 

Flask  B 
(i  c.c.  toluene) 

(1 

Flask  C 
c.c.  toluene) 

1 

— 

— 

— 

2 

0-9 

1-3 

1-7 

5 

0-6 

0-2 

0-4 

6i 

— 

— 

— 

8i 

48-7 

— 

— 

9 

20-4 

— 

— 

n 

39-0 

— 

— 

9i 

51-0 

— 

— 

9| 

59-2 

— 

— 

m 

121-4* 

2-1 

2-3 

22 

— 

22-2 

2-6 

30 

— 

24-2 

14-3 

48 



100 -Of 

126-7: 

*  Stopped.     Bacteria  present  in  great  abundance.     Inoculated  and  gave  fermentation. 
t  Stopped.     Bacteria  found.     Smells  of  toluene.     Inoculated  and  gave  fermentation. 
X  Bacteria  found.     Smells  of  toluene.     Inoculated  and  got  marked  fermentation. 
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Exp.  10.  Guinea-pigs  were  treated  exactly  as  in  Exp.  9.  Two  portions  of  40  gms. 
each  of  the  mixed  material  were  added  to  60  c.c.  of  a  sterile  5  ^/^  dextrose  solution.  No.  1 
flask  contained  no  antiseptic,  while  ^  c.c.  toluene  was  added  to  No.  2. 

In  7  hours  No.  1  evolved  56 '9  c.c.  gas. 
„     No.  2       „         7-2      „ 

During  the  next  2^  hours  No.  1  evolved  109-8  c.c.  gas. 

No.  2        „         28-2       „ 

After  10^  hours  No.  1  was  evolving  gas  at  the  rate  of  8-6  c.c.  every  15  min. ;  No.  2 
gave  8*2  c.c.  in  the  same  time.  The  experiment  was  then  stopped,  and  bacteria  found  in 
both  cases.     Inoculations  gave  marked  fermentations. 

In  another  case  an  ox  liver  was  placed  in  2  Yo  lysol  as  soon  as  possible 
after  death,  and  left  there  for  IJ  hours;  it  was  then  put  into  a  large 
volume  of  boiling  water  and  boiled  for  2  minutes.  This  coagulated  the 
protein  on  the  outside  of  the  mass  to  the  depth  of  about  ^  inch.  Small 
portions  were  now  removed  from  the  centre  with  a  sterile  knife,  minced 
with  the  same  precautions  as  before,  and  incubated  with  5  ^o  glucose 
solution.  In  8  to  9  hours  a  vigorous  fermentation  had  taken  place, 
and  bacteria  were  present  in  great  abundance.  Other  attempts 
were  carried  out  with  kidneys  and  flesh  on  similar  lines,  but  the  results 
were  equally  bad,  and  it  seemed  quite  impossible  to  mince  an  organ 
without  infecting  it. 

Afterwards  the  mincing  machine  was  discarded,  and  the  following 
experiment  tried. 

Exp.  11.  A  liver  was  treated  with  2  ^f^  lysol  for  1  hour,  and  then  placed  in  boiling 
water  for  2^  min.  Small  pieces  were  then  cut  out  from  the  centre  and  placed  directly  in 
a  5  %  glucose  solution.  In  6  hours  vigorous  fermentation  was  in  evidence,  and  bacteria 
were  present  in  great  abundance. 

Kidney  treated  in  the  same  way,  and  boiled  for  1|  min.  was  equally  unsatisfactory, 
and  it  became  evident  that  slaughter-house  organs  at  any  rate  were  useless  for  our  purpose. 

These  experiments  prove  that  the  organs  used  by  Stoklasa  in  cases 
where  he  incubated  the  whole  or  large  parts,  must  have  been  capable  of 
producing  bacterial  growth. 

Our  results  point  to  the  probability  that  it  is  useless  to  endeavour 
to  obtain  asepsis  when  even  a  very  small  amount  of  exposure  and 
manipulation  is  necessary ;  the  usual  precautions  adopted  in  such  work 
are  evidently  quite  insufficient  to  procure  the  desired  end. 

Some  of  our  experiments  were  conducted  so  carefully  that  it  seems 
impossible  to  account  for  the  growth  obtained  by  external  infection 
during  manipulation.     In  connection  with  this,  it  is  interesting  to  note 
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that  Wolbach  and  Saiki(2i)  have  pointed  out  that  an  organism  capable 
of  fermenting  carbohydrates  exists  normally  in  the  liver  of  healthy  dogs. 
This  organism  does  not  grow  on  ordinary  culture  media,  and  cannot  be 
demonstrated  by  inoculation  into  peptone.  This  fact  furnishes  another 
proof  that  negative  inoculation  experiments  are  not  in  themselves  suffi- 
cient evidence  that  bacteria  are  not  present.  The  existence  of  a  similar 
organism  in  some  of  the  tissues  utilised  may  help  to  explain  a  certain 
number  of  our  results.     Other  organisms  also  must  have  been  present. 

Experiments  with  whole  organs.  Stoklasa  has  performed  various 
experiments  with  whole  organs  with  results  showing  that  these  organs 
give  quite  an  active  fermentation  when  incubated  with  sugar  at  suitable 
temperature.  It  seemed  clear  that  by  such  a  method  it  ought  to  be 
possible  to  expose  the  organs  to  such  a  slight  extent  as  to  avoid  infection. 
If  this  were  possible,  it  would  be  of  very  great  importance  in  settling 
the  question. 

In  a  few  cases  we  have  succeeded  in  obtaining  organs  free  from 
sepsis,  and  in  these  cases  there  was  practically  no  formation  of  CO^  or 
other  gas  after  incubation  at  37°  for  a  very  long  time.  In  the  majority 
of  our  attempts,  how^ever,  bacteria  were  present,  and  a  reference  to  the 
data  given  in  the  following  experiments  shows  the  extreme  difficulty 
of  obtaining  an  organ  sterile. 

The  experiments  were  carried  out  on  rabbits.  In  some  cases  no 
fermentation  was  in  evidence  for  periods  up  to  50  hours ;  whenever 
a  reaction  occurred,  bacteria  were  found.  If  an  enzyme  had  been 
present,  it  had  ample  opportunity  to  manifest  its  action  during  these 
long  intervals,  but  in  no  case  was  there  the  slightest  evidence  of  any 
effect  of  this  kind. 

The  next  experiment  indicates  that,  where  there  are  no  bacteria, 
there  is  no  fermentation. 

Exp.  12.  The  bench  on  which  the  rabbit  was  dissected  was  thoroughly  washed  with 
2  "/o  lysol :  the  same  precaution  was  taken  with  regard  to  all  glass  plates  and  supports  in 
the  neighbourhood  of  the  experiment.  The  flask  in  which  fermentation  took  place  was 
specially  fitted  with  a  thick  rubber  cork  :  through  this  a  long  bent  tube  passed.  Into  this 
flask  was  put  150  c.c.  of  a  5  7o  glucose  solution,  and  the  whole  sterilised  in  the  autoclave 
for  1  hour,  the  end  of  the  tube  being  plugged  with  cotton-wool.  All  the  glass  and  rubber 
connections  of  the  azotometer  were  similarly  treated.  In  order  to  reduce  the  chances  of 
infection,  no  saturation  with  CO.^  was  attempted.  The  actual  amount  of  gas  produced  is, 
therefore,  somewhat  greater  than  the  numbers  found,  for  a  certain  amount  remains  in 
solution. 

A  rabbit  was  now  killed,  and  the  hair  over  the  abdominal  area  cut  off ;  this  part  was 
thoroughly  singed  with  a  large  Bunsen  flame,  and  finally  treated  with  a  large  hot  iron. 


84 


A.   HARDEN  AND  H.   MACLEAN. 


The  skin  was  cut  through  with  a  sterile  knife,  retracted,  and  the  exposed  surface  again 
thoroughly  treated  with  the  hot  iron.  A  fresh  knife  and  forceps  were  now  taken,  and  the 
liver  exposed ;  the  presenting  part  was  grasped  with  a  forceps  which  had  just  been  heated 
almost  to  redness,  and  its  connections  severed,  the  gall  bladder  being  snipped  off.  It  was 
removed  from  the  body  as  quickly  as  possible,  and  dropped  into  the  sterilised  sugar  solu- 
tion in  the  flask.  The  time  between  the  exposure  of  the  liver  and  its  deposition  in  the 
sugar  solution  was  only  a  few  seconds.     The  whole  was  then  incubated  at  37°. 


Date 

Time 

Gas  given  off  in  c.c. 
since  last  reading 

6.  8.  10 

2.15  p 

.m. 

0-8 

2.30 

0-8 

3.10 

0-6 

4.0 

2-7 

4.15 

3-5 

CO 

— 

10.0 

— 

7.  8.  10 

2.30 

4-2 

8.  8.  10 

10.30  a 

,.m. 

— 

9.  8.  10 

10.0 

— 

10.  8.  10 

10.0 

— 

11.  8.  10 

10.0 

— 

12.  8.  10 

10.0 

— 

13.  8.  10 

10.0 

Smells  qui 

te  fresh  al 

No  bacteria  present. 


Here  the  total  amount  of  gas  in  seven  days  was  only  11*8  c.c;  as 
it  is  well  known  that  fresh  organs  always  give  off  a  certain  amount  of 
gas,  which  can  also  be  obtained  by  boiling  them  with  dilute  acid; 
this  small  amount  can  be  easily  accounted  for.  At  any  rate  it  is  so 
small  as  to  be  unimportant.  This  experiment  of  itself  affords  very 
strong  evidence  that  an  aseptic  organ  is  incapable  of  producing  fer- 
mentation. 

Other  attempts  carried  out  with  the  same  precautions  gave  several 
times  a  well-marked  bacterial  growth  in  eight  to  ten  hours.  Indeed,  it 
was  only  occasionally  that  an  aseptic  liver  could  be  obtained,  and  on 
two  occasions  only  were  we  completely  successful. 

In  the  next  experiment  the  result  of  incubating  different  organs  is 
given;  the  attempt  was  in  this  case  only  partially  successful,  but  it  is 
obvious  that  any  ferment  present  had  sufficient  opportunity  to  exert  its 
action  before  bacterial  growth  took  place.  The  organs  chosen  were 
(1)  liver,  (2)  heart  and  kidneys,  (3)  lungs;  the  temperature  being  37°  C. 
The  liver  showed  signs  of  bacterial  growth  after  51  hours;  the  heart 
and  kidneys  were  aseptic,  no  growth  having  taken  place  in  five  days; 
while  the  lungs  began  to  ferment  bacterially  after  30  hours. 


ALCOHOLIC  ENZYME. 

85 

Exp.  18. 
Time  in  hours 

Aiuount  of 

gaa  Kivon  off  in  c.c.  hiacc  Inst  rendinKn 

Liver  in  100  c.c. 
50/0  glucose  sol. 

Kidncys-f-lioart  in  100 c.c. 
5%  glucose  sol. 

Lunjc  in  UW  c.c. 
5'Vok'ucosc  iiol. 

2 

1-2 

2-4 

0-8 

4 

— 

— 



5 

0-5 

0-4 



6 

01 

— 

, 

8 

3-3 

0-8 



10 

— 

— 

0  3 

12 

— 

— 



20 

— 

— 



30 

— 

— 

1-1 

51 

1-2 

Began  to  ferment ; 

bacteria  found 

~ 

Vigorous  fermentation 
soon  began;  bacteria 
found 

120 

— 

No  bacteria 

— 

Total 

6-3  c.c.  gas 
in  51  hrs. 

3-6  c.c.  gas 
in  120  hrs. 

2-2  c.c.  gas 
in  30  hrs. 

These  experiments  we  consider  as  amongst  the  most  important  in 
the  investigation,  since  one  or  two  positive  experiments  of  this  kind 
outweigh  entirely  all  other  evidence. 

Eocperiments  with  pancreas-juice  powders.  As  above  mentioned, 
Stoklasa(20)  now  claims  to  have  proved  that  the  pancreas  does  not 
possess  a  ferment  capable  of  fermenting  glucose.  On  the  other  hand, 
he  makes  the  extraordinary  assertion  that  a  ferment  is  present  which 
has  the  power  of  acting  on  disaccharides,  and  forming,  among  other 
products,  carbon  dioxide  and  alcohol. 

So  far  as  is  known,  pancreas  contains  no  ferment  capable  of  con- 
verting cane-sugar  or  lactose  into  glucose.  Simacek,  however,  found 
that  pancreas  easily  fermented  cane-sugar  and  lactose ;  the  preliminary 
conversion  of  disaccharides  into  monosaccharides  being  naturally  as- 
sumed, the  question  arose :  how  does  the  pancreas  do  this,  since  it 
contains  no  lactase,  and,  probably,  no  invertase  ?  The  fact  that  fer- 
mentation was  obtained,  however,  suggests  that  the  whole  effect  was 
due  to  bacterial  contamination. 

Stoklasa's  new  observations  completely  changed  the  whole  com- 
plexion of  this  problem,  but,  unfortunately,  we  have  been  quite  unable 
to  substantiate  them.  The  juice  used  for  preparing  the  powders  was 
obtained  at  a  pressure  of  one  to  three  tons  in  each  case. 

Exp.  14.  Ox  pancreas  was  obtained  as  fresh  as  possible,  and  powder  prepared.  Two 
flasks  made  up  as  follows  were  incubated  with  potassium  phosphate,  so  as  to  have  a 
mixture  similar  to  that  used  by  Stoklasa.     No  saturation  with  CO^. 

6—3 
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A.  6-2  gms.  powder +  50  c.c,  10  *7o  glucose +  0-5  gm.  K3PO4. 

B.  ,,  ,,       +     „         „      cane  sugar +  0-5  gm.  K3PO4, 

In  six  hours  A  gave  off  0-7  c.c.  gas,  and  B  1  c.c.  gas. 

Fermentation  then  began,  and  bacteria  were  found  in  the  mixture  in  very  great 
abundance. 

Exp.  15.     (Ox  liver.) 

A.  4-3  gms.  powder +  50  c.c.  10  ^/o  cane  sugar  gave  in  6  hrs.  =0-3  c.c,  gas. 

1J'       ^  5J  J>  »J  55  >>  =0*2  ,, 

Exp.  16.  Powder  from  fresh  pancreas  of  pig  prepared  as  before,  and  three  flasks 
incubated  as  follows: 

A.  6'2  gms.  powder +  50  c.c.  10  %  glucose +  0*5  gm.  K3PO4. 

B.  „  ,,       H-     ,,         „      lactose  +     ,,  ,, 

C.  ,,  ,,       +     ,,         ,,     maltose+     ,,  „ 

Previously  to  the  addition  of  the  powder  the  contents  of  the  flasks  were  saturated  with 
COo ;  the  whole  was  then  re-saturated  at  37°.  Headings  were  taken  after  \  hour,  when 
equilibrium  was  established.     The  experiment  was  commenced  at  12.5  p.m. 


f 


• 


No.  of  c.c. 

gas  given  off  since 

last  read 

ing 

Time 

/" — 

A. 

Glucose 

B. 

Lactose 

C. 

Maltose 

12.30 

_._ 

— 

— 

12.40 

1-5 

0-6 

1-1 

1.0 

0-8 

0-2 

0-5 

1.15 

0-8 

1-1 

— 

1.20 

0-2 

10 

0-7 

1.30 

0-7 

— 

0-5 

1.45 

0-3 

— 

— 

2.30 

— 

— 

0-3 

3.0 

0-4 

— 

0-8 

4.0 

0-9 

1-1 

0-5 

5.0 

0-9 

— 

— 

6.0 

— 

— 

0-8 

Total  in  6  hrs. 

6-5  c.c. 

4-0  c.c. 

5-2  c.c. 

During  the  next  two  hours  fermentation  was  quite  marked  in  each,  and  bacteria  were 
found  in  abundance. 


It  will  be  seen  that  a  small  quantity  of  gas  was  given  off  by  each  in 
six  hours.  This  was  no  greater  with  one  sugar  than  with  another. 
This  small  preliminary  yield,  as  already  indicated,  depends  on  physical 
conditions,  and  has  nothing  to  do  with  fermentation. 

Several  other  experiments  were  carried  out,  but  no  evidence  whatever 
of  the  presence  of  any  enzyme  acting  on  disaccharides  or  monosaccharides 
was  obtained. 
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On  the  small  preliminarij  tjleld  of  (jaa  obtained.  In  nuiriy  uf  one 
experiments  with  tissue  powders  small  amounts  of  gas  (amounting 
generally  to  a  few  c.c.  in  five  or  six  hours)  were  obtained  when  h 
preliminary  saturation  with  00^,  was  made  use  of.  At  first  it  was 
thought  that  this  might  indicate  a  slight  fermentation,  but  experiment 
proved  that  such  is  not  the  case.  The  chief  points  against  it  being  a 
true  fermentation  are  : 

1.  It  takes  place  when  antiseptics  are  present  in  concentration 
sufficient  to  inhibit  an  enzyme. 

2.  The  presence  of  sugar  makes  no  difference. 

3.  Exactly  similar  results  are  obtained  with  substances  which 
certainly  contain  no  enzyme,  e.g.  Witte's  peptone. 

The  phenomenon  is  probably  to  a  great  extent  dependent  on 
changes  in  the  liquid,  due  to  gradual  solution  of  the  powder.  At  first 
the  liquid  containing  the  powder  is  saturated  with  CO.,,  but  gradually, 
as  more  powder  goes  into  solution,  the  power  of  the  solvent  to  hold  CO^ 
changes  somewhat,  and  small  amounts  of  gas  are  given  off  from  time  to 
time. 

Experiments  in  an  atmosphere  of  hydrogen.  Exception  might  be 
taken  to  the  above  experiments  on  the  ground  that  anaerobic  conditions 
were  procured  by  means  of  an  atmosphere  of  CO2.  Stoklasa  and  his 
co-workers  invariably  used  hydrogen,  and  it  might  be  argued  that  our 
results  are  dependent  on  the  gas  used.  Such  a  supposition  is  a  priori 
not  likely  to  be  correct,  for  it  has  been  already  shown  that  the  gas 
actually  evolved  is  a  mixture  of  hydrogen  and  CO2. 

In  order  to  remove  all  possible  objections,  we  carried  out  several 
experiments  in  an  atmosphere  of  hydrogen,  the  apparatus  used  being 
arranged  on  the  same  principle  as  that  described  by  Stoklasa.  The 
CO2  formed  was  absorbed  by  KOH  in  the  usual  way  and  weighed. 
The  powder  and  sugar  solution  were  incubated  for  about  six  hours, 
and  the  amount  of  CO.j  given  off  during  this  time  was  determined;  in 
several  cases,  the  quantity  generated  between  the  sixth  and  tenth 
hours  of  incubation  was  also  estimated. 

A  reference  to  the  experiments  shows  that  traces  only  of  COo  were 
obtained  during  the  first  six  hours,  but  that  quite  appreciable  amounts 
were  evolved  after  nine  to  ten  hours.  As  usual  this  was  found  to  be 
accompanied  by  the  development  of  bacteria.  The  results  agree  well 
with  those  obtained  with  a  COo  atmosphere.  The  small  amounts 
obtained  in  8  hours  (0"8-2*6  c.c.)  are  probably  due  to  the  commencement 
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of  bacterial  action.  They  are  decidedly  smaller  than  the  amounts 
obtained  in  the  first  5J-6^  hours  in  the  experiments  in  CO2,  in  which, 
as  explained  above,  a  small  evolution,  due  to  physical  causes,  occurs. 


TABLE. 

1.     20  gms.  liver  powder  (Pig)  +  60  c.c.  10  "/,,  glucose  gave  in  first  6  hr 

,,  ,,     in  first  ^  , 

in  next  3^  , 

,,  ,,     in  first  6^  , 


2.  20 

3.  20 


„    +80   „ 
ox  liver  powder     +30    , , 


4.  20 

5.  20 

6.  10 

7.  15 


pig  liver  powder    +60    ,, 
ox  liver  powder     +80    ,, 


pancreas 


+  50    „      5«/„ 


ox  heart  powder    -1-50    ,,    10%, 


in  next  3|  , 

in  first  71  , 

in  first  5|  , 
in  next  5    , 

in  6  , 

in  6=^  , 


s.  =  0-0016  gm.  COj. 

=  0-0044   ,, 
=  0-0702   ,, 
=  00052 
=  0-0642 

=  0-0144 
=  00024 
=  0-0800   ,, 

=  0-0039 
=  0-0044 


These  results  show  that  it  is  immaterial  whether  COg  or  H  is   used  in  procuring 
anaerobic  conditions  in  the  experiments. 

The  latest  paper  in  favour  of  the  presence  of  a  glycolytic  enzyme  in 
the  tissues  is  that  of  Ransom(i2).  This  observer  found  that  frog  and 
fowl  plasma  could  ferment  glucose  under  suitable  conditions  with  the 
formation  of  alcohol  and  CO2.  The  amount  of  material  used  in  each 
experiment  was  very  small,  so  that  qualitative  tests  were  chiefly  carried 
out.  The  gas  evolved  was  naturally  assumed  to  be  CO2,  while  evidence 
of  the  presence  of  small  amounts  of  alcohol  was  found.  On  repeating 
these  experiments  we  succeeded  in  obtaining  all  the  phenomena  exactly 
as  described.  The  gas  obtained,  however,  was  not  pure  CO.2,  but 
mostly  hydrogen.  Alcohol  was  also  found,  but,  unfortunately,  all  the 
samples  of  so-called  pure  glucose  at  our  disposal  gave  a  fairly  marked 
reaction  for  alcohols  In  all  cases  bacteria  were  found  in  abundance, 
though  often  they  were  present  in  clumps,  and  very  difficult  to  find. 

These  points  suggest  that  the  possibility  of  bacteria  having  been  the 
cause  of  the  results  obtained  by  Ransom  has  not  been  excluded. 

Observations  on  the  presence  of  alcohol  in  the  tissues.  Sufficient  has 
been  said  to  explain  why  so  many  observers  have  maintained  that  the 
tissues  contain  a  glycolytic  enzyme  capable  of  forming  COo  and  other 
products  from  sugar. 


^  This  probably  means  that  the  '•  purest  ".specimens  of  glucose  are  crystallised  from 
alcohol,  and  that  a  trace  remains. 
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The  next  point  for  consideration  is:  what  evidence  is  there  that 
traces  of  alcohol  are  found  in  the  blood  and  tissues  of  animals?  If 
alcohol  is  really  found,  how  can  its  presence  be  explained  ? 

As  long  ago  as  1858  Ford(22)  made  the  observation  that  traces  of 
alcohol  occur  in  the  blood  and  tissues  of  certain  animals.  In  a  later 
paper(23)  he  supported  this  statement,  and  showed  beyond  any  reasonable 
doubt  that  the  reducing  substance  obtained  was  really  alcohol.  Traces 
of  alcohol  were  also  found  in  fresh  milk  and  tissues  by  A.  and 
J.  Bechamp(24),  and  similar  results  were  arrived  at  by  Rohmann(25) 
and  by  Rajewsky(26).  The  subject  has  been  carefully  considered  by 
Landsberg(27),  who  came  to  the  conclusion  that  traces  of  alcohol  do 
undoubtedly  exist  in  fresh  tissues,  but  that  the  amount  is  always 
small ;  no  increase  of  alcohol  could  be  detected  after  incubating  the 
tissue  for  several  days  in  presence  of  sufficient  antiseptic.  This  observer 
inclined  to  the  view  that  the  traces  of  alcohol  present  originated  in  the 
intestinal  tract,  as  the  result  of  bacterial  action.  K  ober  t(28)  demonstrated 
the  presence  of  a  reducing  body  in  the  fresh  liver  of  the  tortoise,  and  in 
many  invertebrate  tissues;  after  incubation  with  sugar  for  some  time 
this  substance  increased  in  amount.  Reach(29)  claims  to  have  found 
alcohol  present  in  tissues  in  the  form  of  an  ester. 

In  the  course  of  our  experiments  it  was  found  that  traces  of  a 
volatile  reducing  body  were  present  in  fresh  tissues  ;  this  substance  was 
found  after  distilling  the  tissue  extract  with  picric  acid  and  subsequently 
with  alkali,  and  was  probably  alcohol. 

A  careful  consideration  of  the  literature  shows  that  in  many  cases 
it  was  by  no  means  proved  that  the  reducing  body  present  was  alcohol. 
On  the  other  hand,  the  experiments  among  others  of  Ford  and  of 
Landsberg  leave  no  doubt  that  traces  of  alcohol  are  actually  present 
in  the  fresh  tissues  and  organs.  Where  do  the  traces  of  alcohol  found  in 
the  tissues  originate  ?  We  have  already  pointed  out  that  certain  bacteria 
form  considerable  amounts  of  alcohol  from  carbohydrates.  These  bacteria 
are  present  in  abundance  in  the  intestinal  tract,  and  act  on  the 
carbohydrates  of  the  food  with  the  formation  of  alcohol  and  other 
products.  It  might  be  thought  that  absorption  of  carbohydrates  would 
prevent  this  action,  but  there  is  abundant  evidence  that  such  is  not  the 
case.  Macfadyen,  Nencki  and  SieberOo)  found  alcohol  present  in 
the  small  intestine  when  no  alcohol  was  given  by  the  mouth;  they 
also  showed  that  considerable  amounts  of  dextrose  \vere  unabsorbed 
after  the  food  had  traversed  the  whole  length  of  the  small  intestine. 
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This  proves  that  the  conditions  present  provide  ample  opportunity  for 
bacterial  action. 

Since  therefore  alcohol  is  formed  in  the  intestine,  it  must  be 
absorbed  and  pass  into  the  blood ;  this  would  easily  account  for  the 
traces  found  in  the  tissues.  There  is  no  need  to  assume  that  alcohol  is 
formed  in  the  body-cells  after  the  absorption  of  dextrose,  since  we  have 
proof  that  traces  of  alcohol  must  be  present  in  the  blood  and  tissues. 
The  amount  of  alcohol  actually  formed  in  the  intestine  has  not  been 
investigated,  but  it  is  possible  that  considerable  variations,  depending 
on  the  rate  of  absorption  of  sugar  and  other  conditions,  may  occur. 
Whether  this  alcohol  ever  plays  a  part  in  certain  obscure  pathological 
processes  is  an  interesting  question  for  the  clinician.  Even  if  we 
assume  that  alcohol  is  actually  formed  in  the  tissues,  the  fact  that  a 
certain  amount  of  this  substance  is  absorbed  from  the  intestine  makes 
it  exceedingly  difficult  to  prove  that  all  the  alcohol  found  has  not  the 
same  origin.  Up  to  the  present  no  experiments  on  this  point  have 
been  carried  out,  so  that  the  theory  of  alcoholic  fermentation  of  sugar 
in  the  animal  body  is  not  in  the  least  strengthened  by  the  fact  that 
blood  and  tissues  contain  traces  of  alcohol. 


Conclusions. 

1.  When  animal  tissues  or  the  juices  and  powders  prepared  from 
them  are  treated  at  37°  with  glucose  solution  in  an  atmosphere  of 
carbon  dioxide  or  hydrogen,  provided  that  the  material  remains  sterile, 
no  production  of  carbon  dioxide  occurs  beyond  the  small  amount  obtain- 
able by  boiling  the  tissues  with  dilute  acid. 

2.  It  is  extremely  difficult  to  carry  out  such  an  experiment  either 
with  fresh  tissues  or  the  powders  prepared  from  them  under  sterile 
conditions,  without  having  recourse  to  antiseptics.  On  several  occasions 
experiments  with  fresh  tissues  have  been  carried  through  without 
contamination,  whereas,  with  powders,  contamination  has  invariably 
occurred. 

3.  In  the  absence  of  antiseptics  it  is  found  that  no  appreciable 
evolution  of  carbon  dioxide  occurs  during  the  first  five  or  six  hours  of 
incubation.  After  that  period  evolution  of  gas  begins,  and  gradually 
increases.  Th(3  gas  as  a  rule  is  a  mixture  of  carbon  dioxide  and 
hydrogen,  and  its  production  is  accompanied  by  the  growth  of  bacteria, 
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which   can   be  demonstrated  in   the    mass,  and   which   are   capable   of 
fermenting  sugar  with  formation  of  hydrogen  and  carbon  dioxide. 

4.  When  a  sufficient  amount  of  an  antiseptic,  such  as  tohiene,  is 
added,  and  tlie  mixture  thoroughly  agitated,  no  evolution  of  carbon 
dioxide  and  no  development  of  bacteria  occur.  When  small  amounts  of 
antiseptic  are  used,  and  when  the  mixture  is  insufficiently  agitated,  the 
onset  of  fermentation  and  bacterial  growth  is  delayed  to  an  extent 
depending  on  the  conditions  of  the  experiment. 

5.  There  is,  therefore,  at  present  no  satisfactory  experimental 
evidence  that  alcoholic  fermentation  occurs  in  animal  tissues  after 
removal  from  the  body.  On  the  other  hand,  the  foregoing  experiments 
establish  a  strong  presumption  that  no  such  process  occurs  under  the 
conditions  employed. 
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THE     DIACETYL     REACTION      FOR      PROTEINS.        By 
ARTHUR    HARDEN,    F.R.S.    and   DOROTHY   NORRIS. 

{From  the  Biochemical  Laboratory,  The  Lister  Institute.) 


In  the  course  of  an  investigation  into  the  nature  of  the  Voges  and 
Proskauer  reaction,  Harden^  showed  that  the  colouration  was  due  to 
the  presence  in  the  culture  medium  of  acetyhnethylcarbinol.  This 
substance,  which  is  a  product  of  the  growth  of  certain  bacteria  on 
sugars,  is  readily  oxidised  to  diacetyl  which  then  combines  in  the 
presence  of  alkali  with  some  part  of  the  protein  molecule,  the  complex 
thus  formed  imparting  to  the  solution  a  pink  colour  and  green 
fluorescence. 

As  it  is  of  interest  to  ascertain  which  part  of  the  protein  molecule 
is  concerned  in  this  reaction  further  experiments  have  been  carried 
out  with  this  end  in  view,  and  the  results  of  these  are  embodied  in  the 
present  communication.  For  this  purpose  a  large  number  of  tests  have 
been  carried  out  with  various  proteins  and  other  substances.  Beginning 
with  more  complex  bodies  and  then  testing  the  products  of  hydrolysis 
of  those  which  gave  a  positive  result,  it  has  been  found  possible  to  trace 
the  reaction  to  several  bodies  of  simple  constitution. 

The  following  description  of  the  examination  of  the  protamine 
clupein  will  serve  as  an  illustration  of  the  methods  employed.  Clupein 
itself  gives  the  reaction  in  the  typical  manner  with  a  well  marked 
fluorescence,  but  the  mixed  products  obtained  by  heating  for  14  hours 
with  50  °/o  H2SO4  only  give  a  pink  colour,  unaccompanied  by  fluorescence. 

The  products  of  hydrolysis  were  separated  according  to  the  method 
used  by  Wei? si  Each  fraction  was  then  tested  and  it  was  found  that 
arginine  alone  of  the  degradation  products  gave  the  reaction. 

1  Proc.  Roy.  Soc.  B,  1906,  lxxvii.  p.  424. 

2  ztsch.  physiol.  Chemie,  1907,  lii.  p.  107. 
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As  ;i  confirmatory  test  another  sample  of  arginine,  which  was  kindly 
given  by  Dr  Hedin,  was  examined  and  this  also  gave  a  positive  result, 
a  pink  colour  unaccompanied  by  fluorescence. 

The  test  was  carried  out  by  mixing  a  dilute  solution  of  the  protein 
or  other  substance  in  question  with  a  small  (piantity  of  10  "/o  KOH  and 
then  adding  one  drop  of  a  1  "/o  solution  of  diacetyl.  In  the  case  of 
simple  substances  it  is  essential  to  avoid  both  excess  of  alkali  and  of 
diacetyl,  otherwise  the  diacetyl  and  alkali  react,  giving  a  brown  coloura- 
tion which  in  some  cases  may  completely  mask  the  true  reaction. 

Each  substance  appears  to  have  its  own  optimum  conditions;  for 
example,  using  a  0*25  °/o  solution  of  arginine,  the  best  results  were 
obtained  by  mixing  1  c.c.  of  this  solution  with  0'5  c.c.  N  .  KOH,  making 
the  total  volume  up  to  5  c.c.  with  water  and  then  adding  005  c.c.  of  a 
1  %  solution  of  diacetyl.  Using  complex  proteins  such  as  gelatin 
stronger  alkali  is  necessary,  though  excess  of  diacetyl  is  still  to  be  avoided. 

The  reaction  was  usually  done  in  the  cold  though  heating  in  boiling 
water  for  one  minute  hastens  the  effect. 

By  these  means  the  following  substances  of  known  structure  were 
found  to  give  the  reaction. 

Arginine  NH  :  C  (NHg)  .  NH  .  CH^  .  CH2  .  CHg  .  CH  (NHg)  .  COOH. 

Agmatine  NH  :  C  (NH2)  .  NH  .  CH,  .  CH.  .  CH2  .  CH^  .  NH._j. 

Creatine  NH  :  C  (NH.)  .  N  .  (CH3)  .  CH.  .  COOH. 

Dicyanamide  NH  :  C  (NH2)  .  NH  .  CN. 

Guanidineacetic  acid  NH  :  C  (NHg)  .  NH  .  CH,  .  COOH. 

With  the  exception  of  dicyanamide  all  the  above  are  known  to 
contain  the  guanidine  grouping  NH :  C(NHo).  NHR.  In  the  case  of 
dicyanamide  the  formula  may  be  written  NH:C(NH2).NH.CN  and  here 
again  is  the  guanidine  structure.  The  reaction  is  however  dependent 
to  some  extent  upon  the  nature  of  R,  for  methylguanidine  and  amino- 
guanidine  give  decisively  negative  results.  Free  guanidine  and  the 
nitrate  and  hydrochloride  only  give  the  very  faintest  tinge  of  colour  and 
this  cannot  be  detected  until  the  solutions  have  stood  for  several  hours. 
The  reaction  is  somewhat  more  marked  with  the  carbonate  and  is  quite 
normal  with  guanidineacetic  acid. 

It  should  here  be  noticed  that  no  fluorescence  is  obtained  with 
these  simple  bodies  and  it  is  possible  that  the  fluorescence  produced 
when  complicated  proteins  are  used  may  simply  be  due  to  the  large 
molecular  weight  of  the  resulting  complex.  In  favour  of  this  may  be 
cited  the  experiment  with  clupein  already  mentioned.  Before  hydro- 
lysis this  protamine  gives  a  typical  green  fluorescence  in  addition  to 


334 


A.  HARDEN  AND  D.   NORRIS. 


the  pink  colouration  ;  after  hydrolysis  with  sulphuric  acid,  although 
the  pink  colour  due  to  the  arginine  still  persists,  the  fluorescence  is 
entirely  lost. 

The  delicacy  of  the  reaction  in  the  case  of  proteins  is  dependent  on 
the  amount  of  alkali,  the  strength  of  caustic  potash  which  will  give 
good  results  with  the  simpler  substances  being  altogether  insufficient 
in  the  case  of  proteins.  The  following  table  shows  this  clearly  in  the 
case  of  Witte's  peptone  : 


0-5%  solution  of 
Witte's  peptone 

N.KOH 

H2O 

1  %  diacetyl 

Strength  of  peptone 
in  tolal  volume 

4-5  c.c. 

0-5  c.c. 

— 

0-05  c.c. 

1  in  220 

2-0    „ 

0-5    „ 

2-5  c.c. 

0-05    „ 

1  in  500 

0-5    „ 

0-5    „ 

4-0    „ 

0-05    „ 

1  in  2000 

0-1    „ 

0-5    „ 

4-6    „ 

0-05    ,, 

1  in  10000 

Result 


Similar  results  were  obtained  with  gelatin  when  this  strength  of 
KOH  was  used. 

2'5  N  .  NaOH  was  next  tried  and  the  following  results  obtained  : 


0-5  0/0  solution  of 
Witte's  peptone 

2-5  N.  NaOH 

H2O 

1 0/0  diacetyl 

strength  of  peptone 
in  total  volume 

Result 

5-0 

c.c. 

5  C.C. 

— 

0-05 

C.C. 

1  in  400 

+ 

4  0 

5    „ 

10  C.C. 

0-05 

1  in  500 

+ 

3-0 

5   „ 

2-0   „ 

0-05 

1  in  700 

+ 

2-0 

5    „ 

30   „ 

0-05 

1  in  1000 

4- 

1-8 

5    „ 

3-2   „ 

0-05 

1  in  1150 

+ 

1-6 

5   „ 

3-4    „ 

0-05 

1  in  1300 

+ 

1-5 

5   „ 

3-5    „ 

005 

1  in  1400 

+ 

1-4 

5    „ 

3-6   „ 

0-05 

1  in  1500 

- 

1-2 

5   „ 

3-8    „ 

0-05 

1  in  1700 

- 

1-0 

5   „ 

4-0   „ 

005 

1  in  2000 

- 

The  positive  results  in  the  above  table  indicate  a  pink  colour 
together  with  a  green  fluorescence.  This  last  series  was  repeated, 
using  0*3  c.c.  of  1  "/o  diacetyl  instead  of  0*05  c.c.  The  positive  reaction 
ceased  at  the  same  point  of  dilution  as  before  but  was  somewhat  more 
intense  in  colour  and  fluorescence. 

It  will  be  seen  that  a  typical  reaction  is  obtained  up  to  1  part  in 
1400  of  Witte's  peptone  under  the  above  conditions  and  that  after  this 
the  results  are  negative. 

Some  experiments  were  then  made  with  60  7o  KOH  and  here  there 
is  a  striking  difference  in  the  results  obtained.  A  pink  colour  can  be 
detected  with  1   part  in  20,000  of   Witte's  peptone   but   there   is    no 
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fluorescence,  and  this  holds  even  in  a  sohition  of  1  part  in  1000. 
Taking  gelatin  instead  of  Witte's  peptone  a  pink  colour  can  be  detected 
with  only  1  part  in  30,000.  The  following  tables  summarise  these 
results  : 


0-5  o/o 
Witte's  peptone 

60%K()H 

n.p 

1  o/„  diucetyl 

StreuKtli  of  peptone 
in  total  volume 

B4Mnlt 

0-2     cc. 

3-5  cc. 

1-3  cc 

005  cc 

1  in  5000 

+  no  fluorescence 

01      „ 

3-5    „ 

1-4   „ 

005   ,, 

1  in  10000 

+ 

»» 

0-075  „ 

3-5   „ 

1-4    „ 

0-05   „ 

1  in  15000 

+ 

»> 

005    „ 

3-5    „ 

1-4    „ 

0-05    „ 

1  in  20000 

+ 

j» 

0-5% 
gelatin 

600/0  KOH 

H2O 

1  «/o  diacetyl 

strength  of  gelatine 
in  total  volume 

Result 

01      CC. 

3-5  CC 

1-4  cc 

005  CC. 

1  in  10000 

+  no  fluorescence. 

0-075  „ 

3-5   „ 

1-42  „ 

0-05    „ 

1  in  15000 

+ 

»» 

0-05    „ 

3-5   „ 

1-45  „ 

0-05   „ 

1  in  20000 

+ 

1 1 

003    „ 

3-5    „ 

1-5    „ 

0-05   „ 

1  in  30000 

+ 

>» 

It  appears  probable  that  in  these  very  dilute  solutions  the  protein 
is  hydrolysed  by  the  strong  alkali  used.  This  would  account  for  the 
loss  of  fluorescence,  the  pink  colour  being  due  to  the  liberated 
arginine. 

The  same  thing  occurs  in  stronger  solutions  if  time  is  allowed  for 
the  hydrolysis  to  take  place.  This  is  illustrated  by  the  following 
experiments. 

I.  5  cc.  of  0*5  7o  solution  of  Witte's  peptone  were  mixed  with  5  cc. 
of  lOYo  KOH  and  0*3  cc.  of  1  Yo  diacetyl  added;  a  typical  reaction 
was  obtained. 

II.  5  cc  of  0*5  Yo  solution  of  Witte's  peptone  were  mixed  with 
3*5  cc  of  60  7o  KOH  and  this  mixture  was  then  allowed  to  stand  over 
night,  and  then  0*3  cc  of  1  Vo  diacetyl  added  ;  a  pink  colouration  only 
was  obtained,  no  fluorescence. 

A  few  experiments  have  been  carried  out  using  other  diketones  in 
the  place  of  diacetyl.  As  yet  these  have  yielded  negative  results  though 
the  7-diketones  still  remain  to  be  tried.  Those  actually  tested  were — 
benzil,  acetylacetone,  benzoylacetone,  dibenzoylmethane,  dibenzoyl- 
ethylene.  Acetone,  acetaldehyde,  dihydroxyacetone  and  glycerose  also 
failed  to  give  the  reaction. 

A  list  of  the  substances  tested  with  diacetyl  is  given  in  the  table 
on  p.  336. 
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Substance  Result 

Gelatin  + 

Egg  Albumin  + 

Fibrin  + 

Edestin  + 

Casein  + 

Nuclein  from  Yeast  -t- 

Yeast  Juice  + 

Pancreatin  + 

Pepsin  + 

Protein  from  Eice  + 

Normal  Rabbit  Serum  4 

Serum  Globulin  + 

Globulin  + 

Egg  Globulin  + 

Clupein  + 

Witte's  Peptone  + 

Chapotraut's  Peptone  + 

Peptone  Roche  - 

Peptone  dry  without  salt  + 

Peptone  pptd.  by  ale.  + 

Peptone  ex  albumin  + 

Peptone  Riedel  + 

Peptone  ex  came  + 

Normal  Urine  - 

Broth  + 

Meat  extract  + 

Spleen  Autolyses  + 
Trypsin  digestion  of 

Casein  + 


Substance  Result 

^Alanyl-d-alanine  - 

Di-alanyl-^cystine  - 

/-Leucinimide  - 

Glycyl-^  tyrosine  - 
Phenyl-alanine-^Z-ala- 

nine  anhydride  - 
Glycyl-glycine 

Biuret  base  - 
Histidine 

Amine  from  Histidine  - 
Cystine 

Amine  from  Cystine  - 
Tryptophane  - 
Glycinetryptophane  - 
Amine  from  Trypto- 
phane - 
Arginine  + 
Agmatine  + 
Valine  - 
Tyrosine 
Aminotyrosine 
Tyrosine  Anhydride  - 
3'4  Dihydroxyphenyl- 

alanine  - 

GlycocoU  - 

Alanine  - 
Phenylalanine 

Leucine  - 
Glutamic  Acid 


Substance  Result 

Serine  Anhydride  - 

Glycine  Anhydride  - 
Putrescine 

Cadaverine  - 
Asparagine 

Urea  ~ 
Uric  Acid  - 
Dicyanamide  + 
Creatine  + 
Creatinine  - 
Guanidine  ? 
Methylguanidine 
Aminoguanidine  - 
Guanidine  Hydro- 
chloride ? 
Guanidine  Nitrate  ? 
Guanidine  Carbonate  ? 
Guanidineacetic  Acid  H- 
Semicarbazide  hydro- 
chloride 
Formamidine  - 
Succinimide  - 
Sucoinamide  - 
Acetamide  - 
Sulphanilic  Acid  - 
Potassium  Cyanide  - 


Summary. 


The  diacetyl  reaction  for  proteins  depends  on  the  presence  in  the 
protein  in  question  of  the  group  NH  :  C  (NHg) .  NH  .  R. 

The  exact  significance  of  R  has  not  yet  been  worked  out. 

Only  complex  protein  substances  give  any  fluorescence,  and  this 
is  lost  if  time  is  allowed  for  hydrolysis  to  take  place  before  the  diacetyl 
is  added. 

The  authors  wish  to  express  their  thanks  to  many  colleagues  for 
proteins  and  aniino-acids,  etc.  used  in  the  present  research. 


[Bep'inted  from  the  Proceedings  of  the  Royal  Society,  B.  Vol.  82] 


The  Fermentation  of  Galactose  by  Yeast  and   Yeast-juice.     [Pre- 

liminary  Commiinication. ) 
By  Arthur  Harden,  F.R.S.,  and  Roland  V.  Norris. 

(Received  July  18,  1910.) 

(From  the  Biochemical  Laboratory  of  the  Lister  Institute.) 

Numerous  investigators  have  shown  that  many  species  of  yeast  which 
ordinarily  do  not  ferment  galactose,  readily  acquire  that  property  when 
cultivated  in  a  medium  containing  that  sugar. 

The  present  communication  briefly  describes  experiments  which  have  been 
made  with  living  yeast  in  this  way,  and  with  the  juice  obtained  from  this 
yeast.  Experiments  are  also  proceeding  with  yeast  "  killed  "  by  acetone  and 
other  reagents  (zymin),  and  it  is  hoped  when  these  are  complete  to  give 
a  more  detailed  account  of  the  whole  investigation  in  a  future  paper. 

Pure  cultures  of  S.  Carlsberg  I  have  been  used  throughout  these  experi- 
ments. The  medium  employed  for  "  training  "  the  yeast  consisted  of  yeast 
water  to  which  was  added  20  per  cent,  of  hydrolysed  lactose  and  do  per  cent. 

of   K2HPO4. 
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Kahlbaum's  galactose  was  used  and  the  last  traces  of  glucose  removed  by 
fermentation  with  ordinary  brewers'  yeast.  The  experiments  were  all 
carried  out  at  25°,  those  with  yeast-juice  being  performed  in  the  presence  of 
toluene. 

T.  Action  of  Untrained  S.  Carlsberg  I  on  Galactose  and  Glucose. 

For  this  experiment  wort  cultures  were  employed  and  quantities  of 
1  gramme  of  the  yeast  were  incubated  with  solutions  of  galactose  and 
glucose  and  with  water,  the  volume  being  the  same  in  each  case.  The 
galactose  was  not  fermented  at  all. 

Table  I. — Untrained  S.  Carlsberg  I  on  Galactose  and  Glucose. 


Experiment. 

Time, 
in  minutes. 

Total  fermentation.    C.c.  of  COg  evolved  in  the  time  given. 

Galactose. 

Grlucose. 

Autofermentation. 

1 
2 

65 
35 

2-5 
1-2 

52-9 

2-4 
1-3 

II.  Fermentation  of  Gcdactose  and  Glucose  hy  S.  Carlsherg  1  grown  in  a  Medium 

containing  Hydrolysed  Lactose. 

The  results  tabulated  below  show  that  the  ratio  of  the  rates  of  fermenta- 
tion of  these  two  sugars  varies  between  wide  limits.  The  conditions 
controlling  this  have  not  yet  been  ascertained. 

Table  II.— Comparison  of  Eates  of  Fermentation  of  Galactose  and  Glucose  by 
S.  Carlsberg  I  after  Cultivation  in  a  Medium  containing  Hydrolysed 
Lactose. 


Experiment. 


Mean  rate  of  fermentation  for  30  minutes. 
C.c.  of  CO2  evolved  in  5  minutes. 


G-alactose. 


Grlucose. 


Ratio 


Grlucose 
Gralactose 


3 
4 
5 
6 
7 
8 
9 
10 
11 


2-81 

2-35 

0- 

10-21 

19-25 

1-52 

2-32 

2-52 

3-52 

4-00 

6-63 

1  • 

1-65 

2-18 

1-37 

3-50 

2- 

2-70 

7-60 

2- 

5-35 

15-00 

2- 

-84 
-86 
-52 
-39 
-65 
-31 
-55 
-83 
-79 
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III.  Fermentation  of  Galactose  hy  Yeast-juice. 

The  juice  was  obtained  from  S.  Carlsberg  I  cultivated  in  the  inediuin 
described  above.  The  yeast  was  well  washed  with  water  and  then  j,Tound  in 
the  usual  manner. 

Experiment  12. — Two  quantities  of  20  c.c.  juice,  to  one  of  which  1  gramme 
of  galactose  had  been  added,  were  incubated  at  25°  in  presence  of  toluene. 

Experiment  13. — Three  quantities,  of  25  c.c.  of  a  different  juice  were 
incubated  as  above ;  to  one  was  added  2  grammes  galactose,  to  the  second 
2  grammes  glucose,  and  to  the  third  1  c.c.  H2O. 

Table  TIL — Fermentation  of  Galactose  by  Yeast  Juice  obtained  from  Trained 

S.  Carlsberg  I. 


Experiment. 

Fermentation  in  1  hour.     C.c.  of  CO2  evolved. 

Galactose. 

Autofermentation.     1          Grlucose. 

1 

12 
13 

49-0 
39-3 

8-4 
8-6 

25-7 

These  experiments  clearly  show  that  galactose  is  readily  fermented  by  the 
juice  obtained  from  yeast  which  has  acquired  the  property  of  fermenting  this 


sugar. 


IV.  Total  Fermentation  of  Galactose  and  Glucose  hy  Yeast-juice. 

Experiment  14. — Two  quantities  of  25  c.c.  of  the  same  yeast-juice  as  used 
in  Experiment  13  were  incubated  with  2  grammes  galactose  and  2  grammes 
glucose  respectively  in  presence  of  toluene. 

The  initial  rate  of  the  galactose  solution  was  higher  than  that  of  the 
glucose,  but  the  total  volume  of  gas  evolved  was  slightly  greater  in  the  case 
of  glucose.     Fermentation  had  ceased  in  both  cases  after  19  hours. 


Table  IV. — Total  Fermentation  of  Galactose  and  Glucose  by  Yeast-juice 


from  Trained  S.  Carlsberg  I. 


Initial  rate. 
C.c.  in  5  minutes. 

Total  fermentation. 

Katio  of  totiil?. 

Galactose. 

Glucose. 

Galactose.            Glucose. 

Galactose. 

Glucose. 

3-7 

3-1 

94-9 

99-2 

1 
0-95                   1  -00 

h  2 
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V.  Fermentation  of  Galactose  hy  Yeast-juice  in  presence  of  Pliosphate.  Relation 
of  extra  Carbon  Dioxide  evolved  to  Phosphate  added. 

The  addition  of  phosphate  to  a  fermenting  mixture  of  galactose  and  yeast- 
juice  produces  an  acceleration  in  the  rate,  and  an  extra  amount  of  carbon 
dioxide  is  evolved  which  is  equivalent  to  the  phosphate  added.  As  in  the  case 
of  glucose,  the  phosphate  is  converted  into  an  organic  compound  which  cannot 
be  precipitated  with  magnesium  citrate  mixture.  The  compound  formed  can 
be  isolated  in  the  form  of  its  lead  salt  as  described  by  Young  for  glucose.* 

The  extra  carbon  dioxide  was  evolved  much  more  rapidly  in  the  case  of 
glucose  than  with  galactose  with  the  particular  sample  of  juice  employed. 

Uxperimeiit  15. — Two  quantities  of  25  c.c.  yeast-juice  were  incubated  with 
1   crramme  of   the  sug^ar    under    investisation    until    a    constant    rate  was 

o  o  o 

obtained  and  2'5  c.c.  of  a  0*3  molecular  solution  of  sodium  phosphate  then 
added  to  each. 

Table  V  (a). — Acceleration  of  Eate  of  Fermentation  of  Galactose  and  Glucose 

by  Yeast-juice  on  addition  of  Phosphate. 

Experiment  15. 


Time  after  addition  of 
phosphate,  in  minutes. 

COg  evolved  in  preceding  5  minutes. 

Q-alactose. 

G-lucose. 

(Eate  previous  to  addition) 
5 

0-8 
5-3 

1-3 
8-3 

10 

3-6 

7-9 

15 

3-4 

5-7 

20 

2-8 

2-6 

25 

2-4 

1-9 

30 

2-5 

1-3 

35 

2-1 

1-3 

40 

2-0 

45 

1-8 

50 

1-5 

55 

0-9 

Table  V  (h).—  Equivalence  of  extra  CO2  evolved  to  Phosphate  added  in  above 

Experiment. 


Galactose. 

G-lucose. 

Maximum  rate  obtained    

5-3 

0-9 

29  -1  in  1  hour 

10-8 

18-3 

16-7 

8-3 
1-3 

27  -7  in  30  rains. 

7-8 

19-9 

18-2 

Final  rate    

Total  gas  ineasured    

Correction  for  rate  without  phosphate 
CO2  due  to  phosphate   

atN.T.P 

■*•  t 
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The  phosphate  added  was  equivalent  U)  16-7  c.c.  of  002  at  N.T.P.  in  the 
ratio  NaaHPOi :  CO2. 

The  phenomena  observed  witli  galactose  are  therefore  precisely  the  Hame 
as  those  exhibited  by  glucose. 

VI.  Formation  of  an  Oi'ganic  Phosphate. 

25  c.c.  of  juice  +  2  grammes  galactose  were  incubated  and  jjliosphate 
added  in  small  quantities  until  no  further  acceleration  could  be  produced. 

When  the  rate  had  fallen  to  its  original  value,  the  free  phosphate  in  the 
boiled  and  filtered  liquid  was  estimated. 

Free  phosphate  found  was  equivalent  to 0*1400  gramme  Mg2P207. 

The  phosphate  added  corresponded  to 0*3953         „  „ 

Hence  phosphate  equivalent  to  0'2553  gramme  Mg2P207  has  been  con- 
verted into  a  form  not  precipitable  by  magnesium  citrate  mixture.  The 
constitution  and  properties  of  this  compound  are  under  investigation. 

VII.  Fermentation  of  Galactose  hy  Yeast-juice  in  Presence  of  Arsenate. 

As  with  glucose  the  addition  of  small  quantities  of  sodium  arsenate  to  a 
fermenting  mixture  of  galactose  and  yeast-juice  produces  an  acceleration,  but 
hitherto  it  has  only  been  found  possible  to  double  the  rate  in  this  way. 

Conclusions, 

1.  The  statement  by  various  workers  that  some  yeasts  can  be  trained  to 
ferment  galactose  by  cultivation  in  a  medium  containing  that  sugar,  has  been 
confirmed. 

2.  Such  a  trained  yeast  yields  a  juice  capable  of  fermenting  galactose. 

3.  A  fermenting  mixture  of  yeast-juice  and  galactose  reacts  with  phosphate 
in  a  similar  manner  to  yeast-juice  and  glucose.  The  rate  is  accelerated,  an 
extra  amount  of  CO2,  equivalent  to  the  phosphate  added,  is  evolved  and  the 
rate  then  again  becomes  normal.  The  phosphate  is  converted  into  an  organic 
compound  not  precipitable  by  magnesium  citrate  mixture. 

4.  The  fermentation  of  galactose  by  yeast-juice  is  also  accelerated  by  tlie 
addition  of  small  quantities  of  sodium  arsenate. 


Harbison  and  Sons,  Printers  in  Ordinary  to  His  late  Majesty,  St.  Martin's  Lane. 
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110.  "The  influence  of  salts   on   the   autofermentation    of  yeast."  ^  S" 

(Preliminary    note.)      By    Arthur    Harden    and    Sydney    G. 
Paine. 

It  has  been  found  by  one  of  the  authors,  during  an  investigation 
of  the  permeability  of  the  yeast-cell  envelope,  that  the  entrance  of 
such  salts  as  sodium  chloride  and  sodium  phosphate  is  imperceptible 
when  dilute  solutions  are  allowed  to  act  for  a  short  time,  and 
comparatively  small  even  after  prolonged  immersion  of  the  cells. 
When,  however,  more  concentrated  solutions  are  employed,  an 
appreciable  entrance  of  the  salts  is  indicated. 

These  facts,  in  view  of  the  recent  work  of  H.  E.  and  E.  F. 
Armstrong  (Proc.  Roy.  Soc,  1910,  B,  82,  588),  therefore  suggested 
the  advisability  of  ascertaining  the  effect  of  such  salts  on  the 
autofermentation  of  the  yeast. 

For  the  experiments  here  given,  top  yeast  obtained  from  a  London 
brewery  was  freed  from  wort  by  the  simple  expedient  of  pressing, 
which   has  been  found  to  give  practically  quantitative  removal  of  NFC 

fche  intersticial  liquid;  washing  was  avoided  in  order  that  osmotic 
I    equilibrium  of  the  cell  contents  might  remain  undisturbed.  ON 

Three  to  five  grams  of  such  yeast  are  accurately  weighed  out 
for  each  experiment,  wrapped  in  tissue  paper,  and  dropped  into  a 
flask  containing  a  measured  quantity  of  the  liquid  under  investi- 
ji  gation,  which  has  previously  been  saturated  with  carbon  dioxide 
at  25*^.  The  gas  evolved  by  autofermentation  of  the  yeast  is 
measured  periodically  by  means  of  the  apparatus  described  by 
0  Harden,  Thompson,  and  Young  (Bio -C hem.  J.,  1910,  5,  230). 

In  experiments  with  sodium   chloride  and  ammonium   sulphate 

i  it  has  been  found  that    when  these  salts  are  present  in  decimolar 

:»j  concentration   no  effect  is  produced   on   the  autofermentation,  but 

:\  when  molar  solutions  are  employed  the  rate  of  fermentation  is  very 

s  considerably  enhanced  during  the  first  four  or  five  hours,  so  that 

n  the  volume  of  carbon  dioxide  yielded  in   presence  of  the  salt  is 

ij  three  times  as  great  as  that  given  by  a  water  control.      At  this 

i  point,    however,    the   autofermentation   in   the   former   case   comes 

q  abruptly   to  an   end,  and  eventually   after   four   or   five   days   the 

i volume  of  gas  given  in  the  two  cases  is  approximately  the  same. 

J     A  similar  result  has  also  been  obtained  with  a  number  of  other 

(salts,  including  phosphates,  arsenates,   acetates,   and   citrates. 

;     In  a  recent  paper  by  C.  Neuberg  and  A.  Hildesheimer  {Biochem. 

tZeitsch.,  1911,  31,  170)  it  is  stated  that  salts  of  pyruvic  acid  are 

ifermen table  by  yeast,  and  that  this  property  is  also  exhibited  by 

salts  of  glyceric  and  lactic  acids.     Similar  experiments  have  been 

carried  out  with  these  salts,  and  these  have  shown  that  the  two 

■1 
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latter  give  precisely  the  same  phenomenon  as  was  found  in  the 
case  of  sodium  chloride,  whilst  with  potassium  pyruvate  the  rate  of 
fermentation  during  the  first  four  hours  is  exactly  comparable  with 
that  in  a  sodium  chloride  control.  At  this  point,  however,  the 
fermentation  in  presence  of  the  latter  salt  slackens,  while  the 
evolution  of  gas  from  the  pyruvate  solution  continues  and  only 
gradually  diminishes.  Eventually  after  four  days  some  60  c.c.  of 
carbon  dioxide  are  yielded  in  presence  of  2*4  grams  of  potassium 
pyruvate  in  excess  of  the  volume  given  by  the  control. 

The  provisional  conclusion  of  Neuberg  and  Hildesheimer  that 
these  salts  undergo  fermentation  by  yeast  cannot,  therefore,  be 
accepted  until  experimental  proof  is  forthcoming  that  the  carbon 
dioxide  is  actually  derived  from  them,  and  not  from  the  constituents 
of  the  yeast.  IP 

The  increase  in  the  rate  of  auto  fermentation  produced  by  the 
addition  of  salts  to  living  yeast  may  be  explicable  on  the  lines 
suggested  by  H.  E.  and  E.  F.  Armstrong,  or  it  may  be  that,  as  a 
result  of  plasmolysis  of  the  cells,  the  glycogen  is  thrown  into  more 
intimate  contact  with  the  glycogenase. 

The  acceleration  does  not  appear  to  be  due  to  a  stimulating 
influence  on  the  glycogenase,  since  when  added  to  yeast  juice  in 
equivalent  concentration  sodium  chloride  tends  to  inhibit,  rather 
than  to  enhance,  the  rate  of  autofermentation. 


X.   CLAY  ANU   SONS,   LTD.,    CKEAU   STREET   MILL,   S.C. ,  AND  BUMGAY,  SUFFOLK. 
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APPARATUS    FOR    COLLECTING    AND    MEASURING    THE 
GASES    EVOLVED    DURING    FERMENTATION 

By  a.  harden,  J.   THOMPSON  and  W.   J.   YOUNG. 

From  the  Bio-Chemical  Laboratory,  Lister  Institute 
(Received  August  2nd,  1910) 

In  measuring  the  total  quantity  and  rate  of  evolution  of  gases 
evolved  during  fermentation,  it  is  essential  to  keep  the  pressure  in  the 
fermentation  flask  as  nearly  constant  as  possible  throughout  the 
experiment.  Two  forms  of  apparatus  have  been  in  use  in  this  laboratory 
for  some  time  for  this  purpose,  and  have  been  found  to  be  very  simple 
and  convenient. 

1.  The  first  form  is  intended  for  the  measurement  of  comparatively 
small  volumes  of  gas,  such  as  those  evolved  in  the  fermentation  of  sugars 
by  yeast  juice, ^  and  is  illustrated  in  the  accompanying  figure  1. 


Ti.irflfn  and  Young.     Hoy.  Soc.  Proc.  B.,  1906,  77,  406. 
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The  fermentation  iliisk  (A)  of  100-200  c.c.  capacity,  placed  in  the 
thermostat  (T),  is  fitted  with  a  three-way  tap  connected  by  glass  tube 
and  rubber  with  a  Schitt's  azotometer  of  100  c.c.  capacity,  graduated  to 
0'2  c.c.  It  is  essential  that  the  rubber  connections  (F,  F)  should  be  as 
short  as  possible,  owing  to  the  high  permeability  of  rubber  for  carbon 
dioxide,  but  at  the  same  time  it  is  necessary  to  allow  so  much  play  that 
the  flask  can  be  removed  from  the  bath  and  shaken  by  hand,  or 
mechanically  agitated  in  the  bath.  The  reservoir  (C)  of  the  azotometer 
is  connected  by  a  syphon,  passing  through  a  doubly-bored  stopper,  with 
a  small  cylinder  or  beaker  (D)  which  stands  in  a  flat  dish  of  glass  or 
porcelain  provided  with  a  spout  from  which  mercury  can  flow  into  a 
collecting  vessel  (E).  The  effect  of  this  arrangement  is  that  the  mercury 
displaced  from  B  passes  through  the  syphon  into  D  and  overflows  into  the 
porcelain  dish  and  so  into  E.  The  mercury  at  C  and  H,  therefore, 
remains  at  the  level  of  the  top  of  D,  and  this  is  adjusted  once  for  all,  so 
that  the  mercury  just  extends  to  the  bend  of  the  tube  H,  and  consequently 
the  pressure  in  the  flask  is  maintained  at  that  of  the  atmosphere. 

The  volume  of  gas  is  read  on  B  at  the  reduced  pressure  corresponding 
to  the  height  of  the  column  BH,  and  is  corrected  by  means  of  a  table. 
(See  below.) 

When  the  azotometer  is  full  of  gas,  the  tap  on  A  is  closed,  the 
syphon  removed,  the  reservoir  filled  with  the  mercury  from  E,  and  the 
gas  displaced  by  raising  the  reservoir.  The  syphon  is  then  replaced, 
and  started  by  means  of  a  pressure  bulb  attached  to  a  short  tube  passing 
through  the  stopper  of  the  reservoir.  The  tap  on  A  is  then  re-opened, 
and  the  collection  of  gas  resumed  as  before.  If  required,  a  sample  of  the 
gas  can  be  taken  for  analysis  by  means  of  the  mercury  cup  at  the  top  of 
the  azotometer. 

The  table  of  corrections  is  constructed  for  an  atmospheric  pressure  of 
760  mm.  by  measuring  the  height  of  each  cubic  centimetre  graduation 
above  H,  subtracting  this  from  760,  and  then  calculating  the  corrected 
volume  corresponding  with  each  graduation.  The  corrected  numbers  for 
the  intermediate  graduations  are  found  by  interpolation.  A  table  of  this 
kind  is  sufficiently  accurate  for  most  purposes;  when  greater  accuracy  is 
required  the  readings  must  be  specially  corrected  for  the  prevailing 
atmospheric  pressure. 

The  rate  of  fermentation  of  a  sugar  by  yeast-juice  is  determined  by 
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the  aid  of  this  apparatus  in  the  following  matter.  The  azotometer  is 
tilled  with  mercury  and  the  syphon  adjusted  in  C.  The  desired  mixture 
of  yeast-juice,  sugar  and  toluene  is  placed  in  A,  brought  to  the 
temperature  of  the  thermostat  and  saturated  with  carbon  dioxide  by 
removing  the  flask,  filling  it  with  carbon  dioxide  from  a  Kipp,  replacing 
the  stopper  carrying  the  tap  and  shaking,  and  repeating  this  process  until 
saturation  is  effected.  If  desired,  the  flask  can  be  fitted  with  inlet  and 
outlet  tubes  and  the  carbon  dioxide  blown  through  without  removing  the 
flask  from  the  bath,  but  this  is  not  so  convenient  in  the  case  of  yeast- 
juice  as  the  method  de.scribed  above. 

Since  yeast-juice  readily  becomes  supersaturated  with  carbon 
dioxide,  the  flask  is  vigorously  shaken  for  about  half  a  minute  before 
each  reading.  The  flask  is  then  replaced  in  the  thermostat,  allowed  to 
stand  for  one  minute  to  re-establish  temperature  equilibrium,  and  the 
volume  of  gas  in  the  azotometer  read.  At  the  expiration  of  the  desired 
interval  from  the  time  of  first  shaking,  the  process  is  exactly  repeated 
and  the  volume  of  gas  evolved  during  the  interval  thus  ascertained. 

So  strong  is  the  tendency  to  supersaturation  in  the  case  of  yeast- 
juice  that  scarcely  any  gas  is  evolved  during  5-10  minutes,  the  whole 
volume  produced  during  this  time  being  retained  in  the  liquid  and  only 
evolved  when  this  is  vigorously  agitated. 

This  method  works  extremely  well  so  long  as  the  volume  of  gas 
evolved  does  not  exceed  about  30  c.c.  per  5  minutes,  and  does  not  fall 
below  about  05  c.c. 

2.  The  second  form  of  apparatus  is  intended  for  the  collection  and 
measurement  of  the  comparatively  large  volumes  of  gas  which  are 
evolved  by  the  action  of  bacteria  on  quantities  of  about  20  grams  of 
sugar,  the  object  being  the  collection  and  measurement  over  mercury  of  a 
large  volume  of  gas  (3-6  litres)  without  employing  an  unmanageable 
amount  of  mercury.     The  a])paratus  is  shown  in  fig.  2. 

A  large  inverted  bolthead  (A)  (3-T  litres  in  capacity)  is  fitted  with  a 
rubber  sto])per  carrying  a  vertical  tube  (B)  about  1  metre  in  length  and 
10  mm.  ill  external  diameter.  This  tube  projects  about  2  cm.  inside  the 
stopper  of  the  flask,  and  carries  near  the  top  a  side  piece  (C)  fitted  with  a 
good  mercury  sealed  glass  tap  (D).  B  is  sealed  at  the  lower  end,  near 
which  are  two  side  tubes  arranged  as  in  Schiff's  azotometer  (E,  F).  At 
E  is  attached  a  rubber  tube  and  a  cylindrical  mercury  reservoir  (H)  about 
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20  mm.  in  diameter  and  180-200  mm.  in  length,  and  iliis  is  fitted  with  a 
syphon  and  overflow  cylinder  (1,  J  K)  exactly  like  those  employed  for 
apparatus  1.       The  side  tube  (E)  carries  a  three-way  tap  (L). 


Fig.  2 


o4= 


p 

4^ 


\J 


In  order  to  prevent  leakage,  the  rubber  stopper  of  the  flask  A  is 
immersed  in  mercury  contained  in  a  cup  (M)  carried  on  the  vertical  tube 
B  by  means  of  a  rubber  stopper.  In  order  to  prepare  the  apparatus  for 
use,  mercury  is  poured  into  the  reservoir  (H),  and  the  lower  part  of  the 
tube  B  and  side  tube  F  up  to  the  tap  are  filled  with  mercury,  which  is  also 
allowed  to  flow  out  of  the  upper  end  of  B  and  fill  the  space  immediately 
above  the  stopper  of  the  bolthead.   This  prevents  the  gas  from  coming  into 
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contact  with  rubber  after  it  has  once  passed  into  the  apparatus.  The  side 
tube  C  is  then  connected  with  a  Fleuss  pump  or  a  mercury  pump  and  the 
whole  apparatus  exhausted.  Mercury  then  rises  in  B  to  the  barometer 
height  above  that  in  H.  As  soon  as  the  exhaustion  is  as  complete  as  possible, 
D  is  closed;  H  is  fitted  with  its  syphon,  and  J  is  adjusted  so  that  the  level 
of  the  mercury  is  at  the  same  height  as  the  point  at  which  F  enters  B. 
The  height  of  the  column  BF  subtracted  from  the  height  of  the  barometer 
gives  the  residual  pressure,  if  any,  in  the  apparatus,  and  is  measured  by 
a  vertical  millimetre  scale.  The  fermentation  flask,  placed  in  an 
appropriate  incubator  or  thermostat,  is  connected  by  rubber  to  the  tube 
carrying  the  tap  L,  and  the  air  of  the  space  above  the  liquid  in  it  is  swept 
out,  if  this  is  desired,  by  a  suitable  gas  through  the  limb  N.  The  tap  L 
is  then  turned  so  as  to  connect  the  flask  with  B,  and  the  collection  of  the 
gas  then  proceeds  regularly  until  the  experiment  is  interrupted.  Any 
mercury  carried  up  by  the  bubbles  of  gas  strikes  against  the  concave 
surface  of  the  bolthead  and  falls  back  again  into  the  tube.  The  diameter 
of  the  side  tube  F  must  be  decidedly  less  than  that  of  B,  or  the  bubbles 
of  gas  entering  B  drive  too  much  mercury  before  them  and  cause  violent 
oscillation  of  the  column.  At  the  close  of  the  experiment  the  pressure 
and  temperature  of  the  gas  are  read  off  and  its  corrected  dry  volume 
ascertained  by  calculation  from  the  known  capacity  of  the  apparatus. 
The  calibration  of  the  large  flask  is  effected  by  means  of  water,  and  that 
of  the  tube  B  by  means  of  mercury.  It  is  necessary  to  know  the  volume  of 
the  bolthead  as  arranged  for  the  experiment,  and  of  the  side  tube  C  and 
tube  B  down  to  a  fixed  point,  and  the  capacity  per  centimetre  below  this. 
The  actual  internal  volume  of  the  apparatus  when  the  mercury  is  standing 
at  any  height  above  H  is  then  easily  ascertained. 

A  sample  of  gas  for  analysis  is  taken  at  D  by  means  of  the 
pipette  P,  of  about  100  c.c.  capacity.  This  is  attached  at  D,  and  the  air 
from  the  intervening  tube  removed  by  using  the  pipette  and  its  reservoir 
as  a  mercury  pump,  the  gas  removed  being  swept  out  of  the  three-way 
tap  0.  After  this  process  has  been  completed,  the  reservoir  of  the  pipette 
is  lowered  and  the  taps  D  and  0  are  opened;  gas  flows  from  A  to  P,  and 
as  soon  as  no  more  gas  passes  over,  the  taps  are  closed  and  the  pipette 
disconnected.  The  sample  can  then  readily  be  brought  into  a  gas 
analysis  apparatus.  The  total  error  in  the  measurement  of  the  volume 
need  not  exceed  05  ])er  cent. 

The  space  above  the  liquid  in  the  fermentation  flask  is  kept  as  small 
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as  possible,  and  sliould  not  be  more  than  100-200  c.c.  when  1  litre  of 
liquid  is  employed.  T]\v  composition  of  tlie  <»;is  icnniiiiiiio-  jn  this  space 
can  be  ascertained  with  siifficienl  accuiiuy  by  i;ij)i(lly  icniovin^  a  sample 
with  the  pipette  from  N;  the  slight  error  due  to  evolution  of  carbon 
dioxide  or  other  gas  from  the  liquid  in  the  flask  during  this  process  being 
as  a  rule  negligible.  Finally,  in  calculating  the  volume  of  gas  actually 
evolved  during  the  experiment,  it  is  necessary  to  allow  for  the  volume  of 
gas  originally  present  in  the  flask ;  for  the  gas  dissolved  in  the  liquid  in 
the  flask;  and  for  the  gas  corresponding  with  any  residual  pressure  in  the 
apparatus  at  the  commencement  of  the  fermentation. 


{Ill printed  from   the   I'rucccdinys  of  the  iSeveiUk  I ntt/' national   C'oiujre/fts  of 
Aj) plied  Chemistry,  London,  May  27th  to  June  2nd,  1909. — Section  VIh.'\ 
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Alcoholic     Fermentation. 

(Experimental  Demonstration.) 
Wv  Arthur  Harden  and  W.  J.  Yolnc 


Tlie  following  conclusions  have  been  drawn  by  the  authors  from 
their  work  upon  this  subject:  — 

1.  Enzyme  and  co-enzyme. — At  least  two  agents  are  concerned  in 
the  alcoholic  fermentation  of  glucose  by  Buchner's  yeast-juice; 
[a)  the  enzyme,  which  is  thermolabile  and  non-dialysable;  (6)  the 
co-enzyme,  which  is  thermostable  and  dialysable. 

During  fermentation  both  the  enzyme  and  the  co-enzyme  gradu- 
ally disappear,  and  the  cessation  of  fermentation  may  be  due  to  the 
complete  disappearance  of  either  or  both. 

2.  Function  of  phosphates  in  fermentation. — (A)  The  fermenta- 
tion of  glucose  by  yeast-juice  proceeds  according  to  the  following 
equations,  phosphate  being  used  up  according  to  (i),  and  regenerated 
according  to  (ii.). 

(i)  2C,R,,0,+2FO,TiR\=2CO,+2G.,Ufi-\-G,K,M'^^^^\)2+  2HoO 
(ii)  CeH,oO,(PO,E^,),+ 2HA=-C6KiA+ 2P0,HR^:. 

These  equations  are  deduced  from  the  following  phenomena  :  - 

(a)  When  a  soluble  phosphate  is  added  to  a  mixture  of 
yeast-juioe  and  glucose  a  period  of  accelerated  activity  is 
obsei*ved,  during  which  the  extra  amounts  of  carbon  dioxide 
and  alcohol  formed  are  equivalent  to  the  phosphate  added,  as 
expressed  in  equation  (i.). 

(h)  When  glucose  is  fermented  in  the  presence  of  excess  of 
free  phosphate,  exactly  half  of  it  is  rapidly  transformed  into 
carbon  dioxide  and  alcohol. 


(c)  The  phosphate  is  converted  into  a  compound  of  the  for- 
mula CgHjoO^  (PO^R^J)^,  which  has  been  isolated  in  the  form 
of  its  metallic  salts^  and  is  probably  a  hexosephosphate. 

(d)  This  complex  phosphate  undergoes  hydrolysis  by  the 
action  of  an  enzyme  contained  in  the  juice  with  formation  of 
free  phosphate  and  a  sugar. 

(e)  As  long  as  fermentation  is  proceeding  actively,  the  con- 
centration of  phosphate  remains  low,  owing  to  the  occurrence 
of  reaction  (i.).  When  fernaentation  slackens,  free  phosphate 
accumulates,  according  to  equation  (ii.). 

(B)  According  to  these  equations,  the  presence  of  phosphate  is 
essential  for  fermentation.  Complete  proof  of  this  has  not  yet  been 
obtained,  since  the  total  absence  of  free  or  available  phosphate  has 
not  been  experimentally  realised.  When,  however,  the  amjount  of 
phosphate  present  is  very  low,  the  total  fermentation  produced  is 
also  low,  and  is  very  greatly  increased  by  the  addition  of  a  small 
quantity  of  phosphate. 

(C)  Effect  of  excess  of  phosphate. — ^Addition  of  phosphate  beyond 
a  certain  limit  causes  a  partial  or  complete  inhibition  of  fermenta- 
tion. 

3.  Mannose  behaves  towards  yeast-juice  and  phosphates  both 
qualitatively  and  quantitatively  in  a  similar  manner  to  glucose. 

4.  When  fructose  is  substituted  for  glucose,  reaction  (i.) 
proceeds  much  more  rapidly,  and  a  much  greater  concentration  of 
phosphate  is  required  to  inhibit  the  fermentation. 
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The  Alcoholic  Ferment  of  Yeast-juice.  Part  VI. — The  Influence 
of  Arsenates  and  Arsenites  on  the  Fermentation  of  the  Sugars 
by  Yeast-juice. 

By  Akthur  Harden,  F.E.S.,   and  W.  J.  Young  (Biochemical  Laboratory 

Lister  Institute). 

(Received  January  17, — Read  March  2,  1911.) 

The  rate  of  fermentation  of  a  simple  sugar  by  yeast-juice  undergoes  a 
temporary  acceleration  when  a  soluble  phosphate  is  added.*  The  close 
chemical  analogy  which  exists  between  phosphates  and  arsenates  suggested 
the  idea  that  this  similarity  might  extend  to  the  effect  of  arsenates  on 
fermentation,  and  accordingly  experiments  were  made  to  test  the  point.  It 
was  thus  found  that  arsenates  have  a  great  effect  on  fermentation,  but 
subsequent  work  has  shown  that  it  is  of  a  totally  different  nature  from 
that  exerted  by  phosphates. 

I.  Influence  of  Arsenate  on  the  Rate  of  Fermentation. 

When  a  solution  of  sodium  arsenate  is  added  to  a  mixture  of  glucose, 
mannose  or  fructose  with  yeast-juice,  which  has  attained  a  steady  rate 
of  fermentation,  an  immediate  large  increase  in  the  rale  of  evolution  of 
carbon  dioxide  is  produced.  The  rate,  as  a  rule,  rises  for  a  short  period, 
attains  a  maximum,  and  then  very  gradually  diminishes.  A  typical  example 
is  the  following. 

Ex;perimcnt  1. — The  experiments  throughout  were  carried  out  at  25°  in 
presence  of  toluene,  the  solutions  being  previously  saturated  with  carbon 
dioxide.  The  standard  solution  of  sodium  arsenate  employed  was  approxi- 
mately 0*3  molar,  and  was  prepared  by  dissolving  5'312  granmies  of 
crystallised   sodium   arsenate   in  water,  and  making  up  to   100  c.c.      Two 

*  Harden  and  Young,  '  Roy.  Soc.  Proc.,'  B,  1906,  vol.  77,  p.  410. 
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separate  mixtures  were  made,  each  containing  25  c.c.  yeast-juice  and 
2'5  tn-ui.  of  <4ucose,  and  were  incubated  until  a  steady  rate  of  fermentation 
li;i(l  l)een  attained.  There  v/ere  then  added  (a)  25  c.c.  of  water  and  2*5  grm. 
tducose  ;  (h)  20  c.c.  of  water   -|-5  c.c.  standard  arsenate  solution  and  2'5  grm. 

glucose. 

The  rates  of  evolution  of  carbon  dioxide  were  then  observed,  the  apparatus 
previously  described  being  employed. 


Time. 

a. 

b. 

Average  rate 

Average  rate 

Total  gas. 

per  5  minutes 
during  interval. 

Total  gas. 

per  5  minutes 
during  interval. 

5 

2-1 

2-1 

23-3 

23-3 

10 

4-9 

2-8 

47-8 

24-5 

15 

8 

3  1 

72-5 

24-7 

20 

10-7 

2-7 

99-5 

27 

30 

15-9 

2-6 

154-1 

27-3 

40 

21-4 

2-8 

208-4 

27-15 

50 

2G-5 

2-55 

259-3 

25  -45 

65 

34-5 

2-7 

332-2 

24-3 

95 

50 -G 

2-7 

459-0 

21-1 

A  striking  feature  of  the  effect  of  the  addition  of  a  phosphate  to  yeast- 
juice  is  that  the  marked  acceleration  only  continues  until  an  amount  of 
carbon  dioxide  has  been  evolved  which  is  chemically  equivalent  to  the 
phosphate  added.  Moreover,  at  the  close  of  this  period  of  enhanced  fer- 
mentation, the  added  phosphate  is  no  longer  present  in  a  form  precipitable 
by  magnesium  citrate  mixture,  but  has  become  converted  into  a  hexose- 
phosphate.  Neither  of  these  phenomena  occurs  when  an  arsenate  is 
substituted  for  the  phosphate.  The  enhanced  rate  of  fermentation  con- 
tinues long  after  an  equivalent  of  carbon  dioxide  has  been  evolved,  and 
no  organic  combination  of  arsenic  is  formed. 

Tlie  first  of  these  statements  follows  from  the  results  of  Experiment  1. 
Here  the  arsenate  added  was  equivalent  to  36  c.c.  of  carbon  dioxide  in 
tlie  ratio  Xa2HAs04 :  CO2,  whilst  the  extra  carbon  dioxide  evolved  in  the 
presence  of  the  arsenate  amounted  to  408-4  c.c.  in  95  minutes,  and  the 
rate  at  the  end  of  that  time  was  still  more  than  seven  times  that  of  the  juice 
without  arsenate. 

The  sharp  contrast  between  the  actions  of  arsenate  and  phosphate  is 
clearly  shown  when  the  effects  of  equivalent  amounts  of  phosphate  and 
arsenate  on  the  same  sample  of  yeast-juice  are  directly  compared,  as  is  done 
in  tlie  following  experiment. 
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Experiment  2. — (1)  20  c.c.  yeast-juice +  5  c.c.  of  0'.)  molar  phosphate; 
(2)  20  c.c.  yeast-juice +  5  c.c.  of  0*3  molar  arsenate;  (3)  20  c.c.  yeast- 
juice  4-0*75  c.c.  of  0"3  molar  arsenate. 

Excess  of  sugar  was  present  in  each  case^  and  the  solutions  of  phosphate 
and  arsenate  were  each  equivalent  to  36  c.c.  of  carbon  dioxide  for  5  c.c.  of 
the  solution.  The  normal  rate  of  fermentation  of  the  juice  was  1*8  c.c.  per 
five  minutes. 


Time. 

1. 

2. 

3. 

Total. 

Eafce 
per  5  minutes. 

Total. 

Rate 
per  5  minutes. 

m  i  1                  Rate 
Total.               >      .      , 

per  o  minutes. 

5 
10 
15 
20 
25 
30 

7-1 

19-8 
36-1 
43-8 
45-7 
47-5 

7-1 
12-7 
16-3 

7-7 
1-9 
1-8 

11-4 

26-5 

43 

59 

75 

11-4 

15-1 

16-5 

16 

16-3 

21-7 
46 
71 

95-3 
119-8 

21-7 

24-3 

25 

24-3 

24-5 

Calculating  the  extra  amount  of  carbon  dioxide  evolved  in  each  case 
beyond  that  due  to  the  normal  rate  of  the  juice,  it  is  found  that,  in 
presence  of  phosphate,  this  amounts  to  36'7  c.c,  and  that  the  rate  has 
fallen  to  that  of  the  original  juice.  In  presence  of  arsenate,  although  the 
extra  amount  of  carbon  dioxide  is  66*3  c.c,  the  rate  has  remained 
unaltered  at  the  high  value  of  16.  The  disparity  between  this  extra 
amount  of  carbon  dioxide  and  the  equivalent  of  the  arsenate  added  is 
still  more  strikingly  illustrated  when  only  a  small  amount  of  arsenate  is 
added.  This  is  shown  in  No.  (3)  above,  to  which  only  O'To  c.c  of 
arsenate,  equivalent  to  5"4  c.c.  of  carbon  dioxide,  was  added.  In  spite  of 
this  the  extra  amount  of  carbon  dioxide  evolved  in  25  minutes  was 
120*8  c.c,  and  the  rate  at  the  end  of  that  time  was  still  24*5  c.c  per 
5  minutes. 

In  order  to  show  that  the  whole  of  the  arsenate  is  still  present  in  its 
original  state  after  the  evolution  of  an  equivalent  amount  of  carbon 
dioxide,  the  following  experiment  was  made : — 

Experiment  3. — Four  quantities  of  25  c.c.  of  yeast-juice  -f  2-5  grm.  of 
glucose  were  incubated  until  a  steady  rate  had  been  attained. 

To  these  were  added : — 

(1)  5  c.c  water. 

(2)  5  c.c.  of  sodium  arsenate  solution,  yielding  0'2211  grm.  of  MgaAsaO;, 
and  equivalent  to  35  c.c.  of  carbon  dioxide. 
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(3)  5  c.c.  of  sodium  arsenate,  as  above,  and  2*5  grm.  of  glucose. 

(4)  5  c.c.  of  sodium  phosphate  equivalent  to  the  arsenate  added  to  (2),  and 
yielding  O'looS  grm.  of  Mg2P207. 

The  fermentations  of  1  and  2  were  then  observed  until  the  evolution  of 
carbon  dioxide  from  (2)  v^as  approximately  equal  to  that  from  (1)  +  35  c.c, 
and  the  two  liquids  were  then  boiled  and  filtered  and  the  weight  of 
precipitate  yielded  by  magnesium  citrate  mixture  ascertained. 

Liquid  (3)  was  allowed  to  ferment  until  a  total  of  713  c.c.  had  been 
evolved,  and  was  then  boiled  and  treated  as  above. 

Finally  (4),  which  was  intended  to  demonstrate  the  different  behaviour  of 
phosphate,  was  allowed  to  ferment  until  the  rate  again  became  normal, 
and  was  then  boiled  and  precipitated  with  magnesium  citrate  mixture. 

The  following  table  shows  the  total  weight  of  precipitate  produced  in 
each  case  by  magnesium  citrate  mixture : —  <. 


Original  juice. 

Added. 

Total  before 
incubation. 

Total  after 
incubation. 

i 
Difference. 

1 

2 

3 

4 

0  -0078 
0  -0678 
0  -0678 
0  -0678 

0 

0  -2211 
0  -2211 
0  -1553 

0  -0678 
0  -2889 
0  -2889 
0  -2231 

0  -0678 
0  -3007 
0-3513 
0  -1025 

0 

+  0  -0118 
+  0  -0624 
-0-1206         ! 

These  numbers  clearly  show  that  the  whole  of  the  arsenate  remains 
prccipitable  by  magnesium  citrate  mixture,  even  after  prolonged  fermentation, 
whereas  the  phosphate  is  converted  into  a  non-precipitable  form. 

This  fact  is,  however,  not  sufficient  to  exclude  the  possibility  of  the 
formation  of  an  arsenic  analogue  of  a  hexosephosphate,  since  this  might  be 
precipitaljle  by  magnesium  citrate  mixture. 

Experiment  4. — The  precipitate  obtained  from  another  experiment  con- 
ducted on  similar  lines  to  (2)  was  therefore  carefully  washed,  dried  at  100°, 
mixed  with  copper  oxide,  and  submitted  to  combustion  in  a  current  of 
oxygen;  0-3G21  grm.  gave  0-0069  grm.  of  CO2,  corresponding  with 
0052  per  cent,  of  carbon.  A  magnesium  hexose-arsenate  would  contain 
15-3  per  cent,  of  carbon,  so  that  the  result  of  this  analysis  shows  that  no 
apprecial)le  amount  of  such  a  compound  is  present.  The  trace  of  carbon 
actually  found  was  no  doubt  derived  from  occluded  matter  from  the  boiled 
yeast-juice  in  wliicli  tlie  precipitate  was  produced.  The  arsenate  therefore 
remains  free  tliroughout  the  fermentation. 
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2.   The  Products  of  Fermentation  in  Presenee  of  Arsenate. 

In  order  to  ascertain  whether  the  reaction  which  occurred  in  the  presence 
of  arsenate  was  the  normal  decomposition  of  sugar  into  alcohol  and  carhon 
dioxide,  the  ratio  of  these  products  was  determined  for  an  arsenate 
fermentation. 

Experiment  5. — 75  c.c.  of  yeast-juice  were  incubated  with  8  grm.  of 
glucose  and  15  c.c.  of  0*1  molar  sodium  bicarbonate  solution  in  order  to 
remove  all  free  acid  and  free  phosphate.  In  one  portion  of  this  the  alcohol 
was  estimated  at  once  by  distillation.  To  each  of  two  other  equal  portions, 
1  c.c.  of  arsenate  solution  was  added,  and  both  were  incubated  at  25°  for 
1*5  hours.  During  this  period  185*3  c.c.  of  pure  carbon  dioxide,  measured 
moist  at  20*8°  and  763"6  mm.,  were  evolved,  weighing  0'3303  grm.  At  the 
end  of  this  time  the  total  alcohol  was  estimated  in  one  of  the  portions,  and 
the  alcohol  produced  in  presence  of  arsenate  thus  ascertained  by  subtracting 
that  originally  present.     The  following  were  the  results : — 


Before  incubation.       After  incubation.          Difference.      ,         Katio. 

Alcohol    

0  -4898 
0 

0  -7924 
0  -3303 

0  -3026         1          ^  .Q„ 
0  -3303         '          ^  ^"^ 

Carbon  dioxide  

The  theoretical  ratio  is  1'04.  The  value  obtained  agrees  well  with  the 
ratio  previously  found  by  similar  methods  for  the  normal  fermentation  of 
glucose  by  yeast-juice. 

3.  Effect  of  the  Concentration  of  Arsenate  on  the  Maximum  Pate  of  Fermentation 

Attainable. 

The  rate  attained  increases  with  the  concentration  of  arsenate  until  a 
certain  limit  is  reached.  A  further  increase  beyond  this  point  diminishes 
the  rate  of  fermentation,  so  that  just  as  in  the  case  of  phosphate  there  is  a 
certain  optimum  concentration  of  arsenate,  corresponding  with  which  there 
is  a  maximum  rate  of  fermentation. 

In  carrying  out  these  estimations  of  rate  of  fermentation,  a  mixture  of 
glucose  with  yeast-juice,  10  grm.  to  100  c.c,  was  incubated  until  the 
rate  of  evolution  of  carbon  dioxide  had  become  constant,  and  all  free 
pliosphate  had  been  converted  into  hexosephosphate.  The  standard  sodium 
arsenate  solution  (03  molar),  containing  10  grm.  of  glucose  per  100  c.c. 
and  saturated  with  carbon  dioxide  at  25°  was  then  added  in  the  desired 
quantity.  Since  sodium  arsenate  solution  aiter  saturation  with  carbon 
dioxide  contains  an  equilibrium  mixture  of  the  two  arsenates  and  sodium 
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bicarbonate,  the  amount  of  the  latter  present  in  the  arsenate  solution  used 
was  previously  estimated  by  neutralising  a  known  quantity  with  hydro- 
chloric acid  and  measuring  the  carbon  dioxide  evolved.  A  solution  of 
sodium  bicarbonate,  also  containing  10  grm.  of  glucose  per  100  c.c,  was  then 
made  up  which  yielded  the  same  amount  of  carbon  dioxide  when  neutralised 
as  the  arsenate  solution.  The  liquid  in  each  flask  was  made  up  to  the  same 
volume  with  this  sodium  bicarbonate  solution.  The  fermentation  flasks 
containing  the  proper  quantities  of  arsenate  solution  and  bicarbonate  were 
then  incubated  at  25°  and  the  rates  of  fermentation  observed.  The  effect  of 
bicarbonate  is  to  cause  a  slight  increase  in  the  rate  of  fermentation,  owing  to 
a  diminution  of  the  acidity  of  the  juice  (Buchner). 

The  following  results,  all  obtained  from  a  single  sample  of  yeast-juice, 
are  typical,  and  show  the  nature  of  the  relation  between  concentration  of 
arsenate  and  rate  of  fermentation. 

When  the  concentration  of  arsenate  is  very  low,  the  rate  falls  off  very 
rapidly  from  the  maximum,  and  the  numbers  obtained  in  these  cases  can 
only  be  regarded  as  approximate.  This  is  the  case  in  the  present  set  of 
observations  for  amounts  of  arsenate  less  than  0*1  c.c. 

E-rperiment  6. — 20  c.c.  of  yeast-juice  +  a;  c.c.  of  0*3  molar  arsenate 
-f  (20— a;) c.c.  sodium  bicarbonate  solution.     Glucose,  4  grm 


( 


Arsenate  solution  per 
40  c.c.  mixture. 

Molar  concentration 

of  arsenate  in 
fermenting  mixture. 

i 

Maximum  rate  of 
fermentation. 

c.c. 

c.c.  per  5  minutes. 

0 

0 

3-5 

0-005 

0  -000037 

6-3 

0-01 

0  -000075 

8-0 

0-02 

0  -00015 

14-2 

0  01 

0  -0003 

19-9 

0-1 

0  -00075 

29-7 

0-2 

0  -0015 

35-0 

0-5 

0  -00375 

34-9 

1 

0  -0075 

29-5 

2 

0  -015 

23-2 

5 

0  -0375 

14-5 

10 

0-075 

8-7 

16 

0-1125 

5-3 

20 

0-15 

3-2 

liie  same  results  are  exhibited  graphically  in  the  accompanying  curves, 
in  which  the  rate  is  plotted  against  the  cubic  centimetres  of  arsenate  present 
in  the  mixture.  Curve  B  represents  the  earlier  portion  of  A,  plotted  with  a 
twenty-fold  scale  of  abscissa?. 
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O     I     2     3     4     5     6     7     8     9    lO  II   12  13   14  15    l6  17  I8   19  20 
O05  bl         0-2        0-3        0^4         0-5        0-6         O'-JT         0^8         6-9  I 

CCS.  of  arsenabe 

The  striking  feature  of  the  curve  is  the  rapid  rise  of  rate  with  the  con- 
centration, followed  by  a  fall,  at  first  rapid  and  then  gradual.  The  reason 
for  this  fall  is  discussed  later  on. 

The  smallest  amount  of  arsenate  recognisable  by  a  change  of  rate  of 
fermentation  in  this  experiment  corresponded  with  the  presence  of 
0*11  mgrm.  of  arsenic  in  the  fermenting  liquid. 

Both  the  optimum  amount  of  arsenate  and  the  maximum  rate  of  fermen- 
tation produced  by  it  vary  with  the  sample  of  yeast-juice  employed,  and  the 
following  numbers  illustrate  this  point : — 


Experiment. 

Volume. 

Juice  alone. 

Maximum 
obtained. 

Optimum  molar 
Ratio.            concentration  of 
arsenate. 

7 
8 
9 

20 
20 
20 

c.c.  per  5  minutes. 
3-5 
1-3 
1-6 

36-5 
14-2 
25 

10  -4                    0  -00225 
10  -9                    0  -01125 
15-6                    0  -005625 

4.  Uffcd  of  the  Addition  of  Arsenate  on  the  Total  Fermentation  produced  hy 

Yeast-juice. 

When  arsenate  is  added  to  yeast-juice  and  sugar,  the  rate  of  fermentation 
more     or    less     rapidly    reaches    the    maximum    corresponding    with    the 
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concentration  of  arsenate  employed.  This  rate  is  maintained  for  a  varying 
time,  according  to  the  amount  added,  and  then  slowly  falls  off  until 
ultimately  fermentation  ceases. 

When  the  concentration  of  arsenate  is  comparatively  high,  fermentation 
ceases  much  sooner  than  in  the  absence  of  arsenate,  and  this  appears  to  be 
due  to  some  direct  action  on  the  fermenting  complex,  similar  to  that  which 
was  observed  by  Buchner  as  resulting  from  the  addition  of  potassium  arsenite, 
and  which  is  discussed  later  on.  When,  on  the  other  hand,  a  small  concen- 
tration of  arsenate  is  used  a  high  rate  is  produced,  fermentation  continues  for 
a  longer  period  than  in  the  absence  of  arsenate,  and  a  greatly  increased  total 
fermentation  results.  The  total  amounts  of  carbon  dioxide  and  alcohol  pro- 
duced therefore  depend  on  the  particular  concentration  of  arsenate  employed, 
and  may  be  either  higher  or  lower  than  that  given  by  the  juice  in  absence  of 
arsenate. 

Experiment  10  is  a  typical  example  of  the  phenomena  observed  when  a 
moderate  quantity  of  arsenate  is  used,  while  Experiment  11  exhibits  the 
effect  of  variation  of  concentration  of  arsenate  both  on  the  rate  and  the 
total  fermentation. 

Experiment  10. — Parallel  experiments  were  made  with  juice  alone,  and  in 
the  presence  of  arsenate,  the  solutions  having  the  following  compositions : — 

1.  20  c.c.  yeast-juice +  15  c.c.  sodium  bicarbonate  4- 5  c.c.  arsenate. 

2.  20  c.c.  yeast-juice +  20  c.c.  sodium  bicarbonate. 
Each  solution  contained  4  grm.  of  glucose. 


1. 

2. 

Time. 

Eate  per  5  minutes. 

Total  evolved. 

Rate  per  5  minutes. 

Total  evolved. 

h.     m. 

c.c. 

c.c. 

15 

9-5 

2  1 

30 

13 

2-1 

45 

14-2 

1-9 

1 

13-9 

142-5 

1-8 

22-2 

1     15 

12-8 

1-6 

1     30 

11-9 

1-5 

2 

9-8 

288 

1-2 

39-5 

4 

3-4 

436 

0-9 

65-2 

G 

1-7 

498 

0-7 

85 

10 

0-2 

544 

0-41 

108 

14 

0 

550 

0-33 

122 

35 

0 

133 

It  will  be  seen  that  in  the  presence  of  arsenate  (1)  the  maximum  rate  is 
attained  in  about  45  minutes,  and  amounts  to  14'2  c.c.  per  5  minutes ;  the 
total  carbon  dioxide  evolved  is  550  c.c,  and  fermentation  ceases  in  about 
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12  to  14  hours.  In  tlio  a])senco  of  arsenate  (2),  the  maximum  is  attained  at 
once  and  is  21,  the  total  evolved  is  133  c.c.,  and  the  duration  of  the 
fermentation  is  about  24  to  30  hours. 

Experiment  11. — Tlie  totals  evolved  by  equal  volumes  of  the  juice 
employed  in  the  foregoing-  experiment  were  determined  with  variou.s 
additions  of  arsenate,  and  are  quoted  along  with  the  maximum  rates  and  the 
approximate  duration  of  fermentation. 


No. 

Arsenate  added. 

Maximum  rate. 

Total  evolved. 

Duration  of  fermentation. 

c.c. 

hours. 

1 

0 

2-8 

133  -3 

24—30 

2 

0-5 

25 

1024 

55—00 

3 

5 

14-2 

550 

12—14 

4 

10 

5-9 

190-6 

9—10 

5 

20 

1-5 

47-8 

7 

1 

4  grm.  of  glucose  were  present  in  each  case,  and  it  is  probable  that  fermen- 
tation in  No.  2  came  to  a  close  on  account  of  exhaustion  of  the  sugar. 

5.   Tlie  Fermentation  of  Mannose  and  Fructose  hy  Yeast-jidce  in  the  Presence 

of  Arsenate. 

The  fermentation  of  mannose  by  yeast-juice  is  also  accelerated  by  the 
addition  of  arsenate  to  about  the  same  extent  as  that  of  glucose.  In  the 
case  of  fructose,  however,  a  difference,  similar  in  character  to  that  previously 
noted  in  the  presence  of  phosphate,*  is  also  observed  with  arsenate,  viz.,  the 
optimum  concentration  of  arsenate  is  greater  and  the  nuiximum  rate 
attainable  higher  than  in  the  case  of  glucose. 

These  facts  are  well  brought  out  by  the  results  of  the  following  two 
experiments. 

Experiment  12. — A  series  of  different  volumes  of  the  standard  arsenate 
solution  were  added  to  yeast-juice  in  presence  of  1  grm.  of  the  sugar  in 
question,  all  the  liquids  being  made  up  to  the  same  volume,  and  the  maximum 
rate  attained  in  each  case  observed. 

20  c.c.  yeast-juice  +  x  c.o,.  arsenate  -f  (2G— .r)  c.c.  of  a  solution  containing 
1  grm.  of  sugar. 


^  Harden  and  Young,  '  Koy.  Soc.  Proc.,'  B,  1009,  vol.  81,  p.  330. 
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X. 

Maximum  rate  for  5  minutes. 

Glucose. 

Mannose. 

Fructose. 

0 

0-2 

0-5 

1 
2 
4 
8 
16 

0-63 

7  0 

9-1 

9-8 

9-7 

4 

0-65 

8 
6-6 

4-5 

0-65 

11-7 

14-4 

16 

14-8 
8-4 
2-4 

Lx'perimcnt  13. — A  similar  experiment  was  made  with  a  mixture  of 
20  c.c.  of  yeast-juice  and  2  grm.  of  the  sugar,  the  total  volume  being 
40  c.c. 


Maximum  rate  in  5  minutes. 

Arsenate. 

Glucose. 

Fructose. 

c.c. 

0 

1 

1-2 

0-2 

7-2 

1 

12-1 

26-6 

2 

12-4 

3 

13-4 

5 

13-4 

43-6 

7 

45-8 

10 

42-4 

15 

5-1 

39 

In  this  case  the  optimum  concentration  of  arsenate  in  the  presence  of 
glucose  is  between  3  and  5  c.c,  and  the  maximum  rate  is  about  13*4,  which 
is  13"4  times  the  normal  rate.  In  the  presence  of  fructose,  on  the  other 
hand,  the  optimum  concentration  is  about  7  c.c,  and  tlie  maximum  rate 
45*8  c.c,  which  is  38*2  times  the  normal  rate. 

In  Experiment  12  the  juice  evidently  contains  less  fermenting  complex, 
and  there  is  not  such  a  great  disparity  between  the  optima.  The  maximum 
rate  for  glucose  is  9 '8  c.c,  for  mannose,  slightly  less,  8  c.c,  and  for  fructose, 
IG  c.c 

6.  Nature  of  the  Effect  of  Arsenate  on  Fermentation  hy  Yeast-juice. 

In  considering  the  nature  of  the  action  of  arsenate  in  accelerating  the 
fermentation  of  sugars  by  yeast-juice  two  possibilities  present  themselves 
In  the  first  place  the  arsenate  may  replace  the  phosphate  in  the  main  reaction  : 

(1)     2C«Hii,06-h2Na2HP04  =  2C02  +  2C2H60  +  2H,0-t-C6Hio04(P04Na2)2. 
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The  facts  that  much  more  than  an  equivalent  of  carl)on  dioxide  is 
evolved  at  the  accelerated  rate  and  that  the  arsenate  is  found  in  the  free 
state  at  every  stage  of  the  fermentation  render  it  necessary  to  suppose  that 
any  arsenic  compound  which  is  formed  is  of  a  very  unstable  nature,  and 
only  exists  at  any  moment  in  a  very  low  concentration. 

On  the  other  hand,  it  is  also  possible  that  the  arsenate  accelerates  the 
fermentation  by  increasing  the  rate  at  which  free  phosphate  is  produced 
from  the  hexosephosphate.  This  substance  is  hydrolysed  by  the  enzyme 
hexosephosphatase  according  to  the  e(iuation  : 

(2)     C6Hio04(r04Na2)2  +  2H2O  =  CgHisOe  +  2Na2HP04, 

and  it  is  the  rate  of  this  reaction  which  is  the  controlling  factor  of  the  rate 
of  fermentation  of  sugar  by  yeast-juice  in  the  absence  of  added  phosphate.* 

Acceleration  of  this  change  would  therefore  result  in  a  constant  increased 
supply  of  phosphate,  and  would  enable  reaction  (1)  to  proceed  at  a 
correspondingly  greater  rate.  In  other  words,  the  effect  of  the  arsenate 
would  be  to  produce  a  condition  similar  to  that  existing  when  free 
phosphate  is  added  gradually  to  yeast-juice  so  that  its  concentration  is 
maintained  at  the  optimum,  and  the  reaction  proceeds  at  its  maximum 
velocity  as  long  as  this  condition  is  maintained.! 

It  also  follows  from  the  fact  that  the  rate  of  fermentation  is  dependent 
upon  the  rate  of  production  of  free  phosphate  that  the  acceleration  produced 
by  the  addition  of  arsenate  cannot  be  due  to  an  increase  in  the  activity  of  the 
zymase  alone.  In  a  mixture  of  fresh  yeast-juice  and  sugar  this  enzyme  is  not 
producing  its  maximum  effect,  as  is  shown  by  the  fact  that  the  addition  of 
phosphate  causes  a  large  increase  in  the  rate  of  fermentation.  In  other  words 
there  is  an  excess  of  enzyme  already  present  in  the  mixture.  An  increase 
in  the  activity  of  the  zymase,  therefore,  without  an  increase  in  the  supply  of 
phosphate,  could  not  be  expected  to  cause  any  acceleration  in  the  rate  of 
fermentation.  It  is  possible,  however,  that  the  activity  both  of  the  hexose- 
phosphatase and  of  the  zymase  might  be  simultaneously  increased  by  the 
addition  of  arsenate.  In  this  case  it  would  be  possible  to  obtain  a  higher 
maximum  by  the  addition  of  arsenate  in  presence  of  the  right  amount  of 
phosphate,  than  could  be  obtained  by  adding  phosphate  alone. 

1.  Proof  that  Arsenate  cannot  replace  Phosphate  in  the  Fermentation  of 
Sugars  hy  Yeast-juice.— T\\q  first  of  these  alternative  explanations,  according 
to  which  arsenate  is  supposed  to  take  the  place  of  phosphate  and  to  react 
with  the  suoar  to  form  an  unstable  hexose-arsenate,  can  be  investigated  in 

*  Harden  and  Young,  'Eoy.  Soc.  Proc.,'  B,  1908,  vol.  80,  p.  299. 
t  Harden  and  Young,  'Roy.  Soc.  Proc.,'  B,  1908,  vol.  80,  p.  309. 
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the  following  way.  A  mixture  of  ferment  and  co-ferment  can  be  prepared 
as  previously  described,  which  is  free  from  phosphate  and  hexosephosphate,* 
and  will  not  ferment  sugar  without  the  addition  of  phosphate.  If  now 
arsenate  can  replace  phosphate,  such  a  mixture  should  be  rendered  active  by 
the  addition  of  arsenate  as  well  as  by  that  of  phosphate. 

In  order  to  realise  these  conditions  zymin  was  freed  from  phosphates  and 
co-ferment  by  repeated  washing  with  water,  until  it  was  incapable  of 
fermenting  sugar.  To  this  was  added  a  solution  of  co-ferment,  free  from 
mineral  phosphates  and  hexosephosphate,  as  previously  described.  This 
mixture  was  almost  incapable  of  fermenting  sugar,  whilst  the  addition  of 
phosphate,  either  in  the  form  of  mineral  phosphate  or  hexosephosphate, 
readily  caused  fermentation.  When,  however,  arsenate  was  substituted  for 
the  phosphate  no  fermentation  ensued.  This  was  not  due  to  any  inhibiting 
action  of  the  arsenate,  as  in  the  presence  of  phosphate  the  same  quantity  of 
arsenate  did  not  interfere  with  the  fermentation. 


Exp. 

Zymin 
suspension. 

Co- 
ferment 
solution. 

Water. 

Fructose. 

Phosphate, 
0  '3  molar. 

Hexose- 
phosphate. 

Arsenate, 
0"3  molar. 

Gras 

evolved. 

c.c. 

c.c. 

c.c. 

grm. 

c.c. 

c.c. 

c.c. 

c.c. 

hrs.  mins. 

IG.  1 

10 

20 

1 

2 

0 

0 

0 

7      in    24               1 

2 

10 

20 

0 

2 

1-0 

0 

0 

67          : 

,     24 

3 

10 

20 

0-75 

2 

0 

0 

0-25 

0-2 

,       2 

4 

10 

20 

0 

2 

0 

0 

1 

2-7 

,     24 

5 

10 

20 

0-25 

2 

0-5 

0 

0-25 

51-6 

,     24 

17.1 

10 

20 

6-3 

0-7 

0 

0 

0 

1-5 

,     19 

2 

10 

20 

0 

0-7 

0 

6-3 

0 

132-7 

,     19               ! 

3 

10 

20 

6-3 

0-7 

0 

0 

0-5 

1 

,     19               i 

4 

10 

20 

0 

0-7 

0 

6-3 

0-5 

133-5 

,     19 

18.1 

10 

15 

0 

0-5 

0 

0 

0-2 

2-0 

,     20 

2 

10 

15 

8-8 

0-5 

0 

8-8 

0 

25-8 

„       1     50 

3 

10 

15 

0 

0-5 

0 

8-8 

0-2 

47-8 

„       1     50 

The  hexosephosphate  solution  used  was  0'21  molar  for  Experiment  17  and 
0"14  molar  in  Experiment  18. 

It  will  be  seen  that  in  no  case  was  arsenate  able  to  take  the  place  of 
phosphate,  and  it  must  therefore  be  concluded  that  the  action  of  arsenate  is 
fundamentally  different  from  that  of  phosphate. 

Incidentally  the  foregoing  experiments  afford  further  evidence  that 
phosphate  is  indispensable  for  the  alcoholic  fermentation  of  sugar. 
Comparing  Nos.  1  and  2,  Experiment  17,  it  is  seen  that  in  the  almost 
complete  absence  of  available  phosphate  only  1-5  c.c.  of  carbon  dioxide  were 
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evolved,  wliereas  in  the  presence  of  hexosepliosjihatc  1327  c.c.  were 
obtained.  The  ratio  of  tlie  totals  produced  in  presenc(;  and  in  absence  of 
phosphate  is  thus  132-7/ 1-5  =  88,  a  much  greater  value  than  had  previously 
been  observed.* 

2.  Acceleration  of  the  Action  of  Rexosephosphatase  hy  ArscTiate. — The  direct 
replacement  of  phosphate  by  arsenate  being  excluded,  the  alternative  explana- 
tion, that  the  arsenate  accelerates  the  action  of  the  hexosephosphatase,  remains 
to  be  considered.  This  question  can  readily  be  investigated  experimentally, 
and  the  result  of  such  an  examination  is  to  show  that  the  arsenate  does  in 
fact  produce  a  very  marked  effect  of  this  kind,  and  that  it  is  to  this  accelera- 
tion that  the  enhanced  rate  of  fermentation  in  the  presence  of  arsenate 
is  due.     This  has  been  proved  separately  for  yeast-juice  and  zymin. 

In  the  three  experiments  carried  out  with  yeast-juice,  a  comparison  was 
made  between  the  rates  of  fermentation  in  mixtures  of  yeast-juice  with 
(a)  hexosephosphate  and  arsenate ;  (b)  water  and  arsenate ;  (c)  hexose- 
phospliate  alone. 

In  experiments  such  as  these,  done  in  the  absence  of  added  sugar, 
the  rate  of  fermentation  is  controlled  by  the  production  of  sugar  (1)  from 
the  hexosephosphate ;  and  (2)  from  the  glycogen  and  dextrins  of  the  juice. 
Hence,  by  subtracting  the  rate  of  auto-fermentation  in  presence  of  arsenate  (b) 
from  the  rate  of  fermentation  of  hexosephosphate  also  in  presence  of  arsenate  (a) 
a  difference  is  obtained  which  represents  the  share  of  this  enhanced  rate 
which  is  due  to  the  hydrolysis  of  the  hexosephosphate.  This  is  given  by 
a  — 5,  and  a  comparison  of  this  with  the  rate  of  fermentation  of  hexose- 
phosphate in  absence  of  arsenate  shows  whether  tlie  effect  of  the  arsenate 
has  been  to  increase  the  rate  of  hydrolysis  of  the  hexosephosphate.  (In  order 
to  obtain  the  true  rate  of  evolution  due  solely  to  tlie  hexosephosphate  in 
absence  of  arsenate  the  rate  of  auto-fermentation  of  the  juice  should  be 
subtracted  from  that  observed  in  presence  of  hexosephosphate  (c).  As,  how- 
ever, it  is  not  certain  what  effect  the  presence  of  hexosephosphate  may  have 
upon  the  enzymic  hydrolysis  of  glycogen,  etc.,  this  has  not  been  done  in  the 
present  instance.  The  effect  of  making  this  subtraction  would  be  considerably 
to  increase  the  cogency  of  the  argument.) 

In  order  as  far  as  possible  to  diminish  the  auto-fermentation,  the  yeast-juice 
employed  in  Experiments  19  and  20  was  incubated  for  some  time  before  the 
addition  of  the  hexosephosphate  and  water,  and  the  yeast  employed  for  the 
preparation  of  the  juice  for  Experiment  21  was  treated  for  the  removal  of 
glycogen  by  the  method  described  by  Buchner  and  Mitscherlich,  but  still 
yielded  a  juice  which  gave  a  considerable  amount  of  auto-fermentation. 

*  'Eov.  Soc.  Proc.,'  B,  1908,  vol.  80,  p.  3iM. 
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Experiments  19,  20,  21. — In  each  case  25  c.c.  of  yeast-juice  4-0-5  c.c.  of 
O'o  molar  arsenate  +  20  c.c.  of  water  or  a  normal  solution  of  sodium  hexose- 
phosphate  (containing  8*5  grm.  of  the  acid  per  100  c.c.)  were  employed,  the 
liquids  being  made  up  to  45*5  c.c. 


No.  of 
experiment. 

Time  after 

addition 

of  arsenate,  in 

minutes. 

Total  c.c.  evolved  in  the  time  t. 

a. 

Arsenate 

+  hexoeephos- 

phate. 

h. 

Arsenate  + 
water. 

a  —  h. 

c. 

Heiosephos- 
phate  +  water. 

19 

15 

30 

75 

205 

40-5 

77-7 

147-9 

311-7 

26-2 

50-5 

90-6 

165-9 

14-3 

27-2 

57-3 

145-8 

6-3 
12-1 
22-3 
55-4 

No.  of 

Time  after 

Kate  ] 

m  c.c.  evolved  in  preceding  5  minutes. 

experiment. 

addition 
of  arsenate. 

a. 

I. 

a  —  h. 

c. 

h.    m. 

20 

5 

2-9 

0-5 

2-4 

1-4 

10 

3-7 

0-6 

3-1 

0-9 

15 

3-7 

0-4 

3-3 

0-8 

20 

3-7 

0-5 

3-2 

0-9 

25 

3-9 

0-3 

3-6 

0-7 

30 

Total... 

3-5 

0-4 

3-1 

0-7 

21-4 

2-7 

18-7 

5-4 

21 

5 

9-1 

3-0 

6-1 

3-1 

10 

8-6 

2-3 

6-3 

2-9 

15 

7-3 

1-9 

5-4 

0-9 

15     20 

6-8 

1-2 

5-6 

1-2 

35 

6-4 

1  -8 

5  1 

1-3 

40 

6-9 

1-7 

5-2 

1-6 

45 

6-1 

1-3 

4-8 

0-9 

50 

Total... 

5-6 

1-0 

4-6 

0-8 

56-8 

13-7 

43-1 

12-7 

It  will  V)e  seen  that  in  every  case  the  fermentation  in  presence  of  hexose- 
phosphate  and  arsenate,  less  the  auto-fermentation  in  presence  of  arsenate  (a— &) 
is  considerably  greater  (two  to  four  times)  than  the  rate  of  fermentation  in 
absence  of  arsenate  (c). 

As  this  increased  fermentation  is  carried  on  at  the  expense  of  the 
hexosephosphate,  it  follows  that  the  hexosephosphate  is  being  more  rapidly 
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decomposed  iJiiiii  in  tliu  absence  of  arsenate,  and  Lli.it  therefore  free 
pliospliate,  which  is  also  a  product  of  the  hydrolysis  of  this  compound,  must 
also  be  liberated  in  greater  quantity.  Since,  moreover,  hexos(;j)ho.sphate 
yields  two  equivalents  of  phosphate  for  one  of  sugar  the  phosphate  must 
accumulate,  and  accordingly  the  rate  of  decomposition  of  the  hexosephosphate 
can  also  be  gauged  by  the  rate  of  accumulation  of  free  phosphate. 

Expei'iment  22. — This  has  been  ascertained  by  estimating  the  amount  of 
free  phosphate  in  the  boiled  and  filtered  solutions  from  Experiment  19,  The 
following  are  the  results,  expressed  in  grams  of  Mg2P207,  the  equivalent  of  the 
arsenate  present  having  been  subtracted  in  each  case  : — 

(a)     Hexosephosphate  +  arsenate 0*6136 

(h)    Auto-fermentation  +  arsenate  0'1144 

(c)     Hexosephosphate  without  arsenate 0*0707 

Hence,  in  presence  of  arsenate,  0-6136  — 0*0707  =  0*5429  grm.  has  been 
liberated  more  than  in  its  absence,  and  of  this  amount  0*5429  —  0*1144 
=  0*4285  grm.  has  been  formed  from  the  hexosephosphate  which  was  added. 

This  result  is  therefore  in  entire  agreement  with  the  observations  of  the 
rates  of  fermentation. 

Experiments  with  zymin  confirm  the  conclusion  that  the  arsenate  accelerates 
the  action  of  the  hexosephosphatase  in  an  equally  striking  manner.  Zymin 
washed  free  from  soluble  phosphates  and  co-ferment  was  used,  and  a  solution 
of  co-ferment  also  almost  free  from  available  phosphate  was  added,  together 
with  an  excess  of  fructose.  This  mixture  was  almost  incapable  of  producing 
fermentation,  owing  to  lack  of  phosphate,  and  as  a  matter  of  fact  gave  a 
total  of  only  1*5  c.c.  of  carbon  dioxide,  whereas  when  phosphate  was  added  as 
much  as  132  c.c.  were  involved.  Solutions  of  hexosephosphate  were  added  to 
two  equal  volumes  of  this  mixture,  and  to  one  of  these  arsenate  was  also 
added.  The  sole  source  of  phosphate  in  these  two  liquids  was  the  hexose- 
phosphate, and  the  rate  of  fermentation  would  therefore  be  controlled  by  the 
rate  of  production  of  phosphate  from  this.  Any  increase  of  fermentation  in 
the  presence  of  arsenate  must  therefore  be  due  to  the  accelerating  action  of 
this  salt  on  the  hexosephosphatase. 

Experiment  23. — The  zymin  and  co-ferment  solution  were  prepared  in  the 
same  manner  as  those  used  in  Experiment  17. 

1.  10  c.c.  zymin  suspension  H-  15  c.c.  co-ferment  solution  -f  0*5  grm. 
fructose  +  8*8  c.c.  of  0*14  molar  hexosephosphate  -f  0*2  c.c.  arsenate. 

2.  The  same  mixture  but  containing  0*2  c.c.  of  water  instead  of  arsenate. 
Here  the  rate  of  fermentation,  and  consequently  of  hydrolysis  of  hexose- 
phosphate, in  presence  of  arsenate  is  about  double  that  in  its  absence. 
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Time  after  addition  of  arsenate, 
in  minutes. 

C.c.  BTolved  in  preceding  5  minutes. 

1. 

2. 

5 
10 
15 
20 
25 
65 
90 
115 

2-8 
2-7 
2-5 
2-3 
2-3 
2-4 
2-2 
1-84 

1-4 
1-4 
1-2 
1-0 

1-3 

1-3 

1-04 

Total  in  115 

47-8 

25-8 

Whether  the  arsenate  also  accelerates  the  action  of  the  zymase  has  not 
been  decided  with  certainty.  If  this  were  so,  the  rate  of  fermentation 
attainable  by  the  proper  mixture  of  arsenate  and  phosphate  would  be  greater 
than  that  given  by  phosphate  alone.  Since,  however,  the  rate  of  fermenta- 
tion in  presence  of  phosphate  falls  off  with  diminishing  concentration  of 
this  salt  extremely  rapidly  and  according  to  a  law  which  has  not  yet  been 
ascertained,  it  is  impossible  at  present  to  institute  an  accurate  comparison 
between  the  velocity  constants  of  the  two  reactions.  It  may,  however,  be 
noted  that  cases  have  been  observed  in  which  the  evolution  of  gas  in  five 
minutes  was  greater  in  presence  of  a  certain  quantity  of  arsenate  than  could 
be  obtained  with  phosphate  alone. 

7.  Effect  of  Arsenate  on  the  Auto-fermentation  of  Yeast-juice. 

"When  arsenate  is  added  to  yeast-juice  which  is  undergoing  auto-fermenta- 
tion, a  very  considerable  rise  is  produced  in  the  rate  of  evolution  of  carbon 
dioxide ;  the  rate  attained  is,  however,  much  lower  than  that  produced  in 
presence  of  excess  of  glucose.  The  extent  of  this  enhanced  auto-fermenta- 
tion is  shown  by  the  following  (Nos.  1  and  2),  whilst  the  effect  of  the 
same  quantity  of  arsenate  in  presence  of  excess  of  glucose  is  given  in 
columns  3  and  4. 

Experiment  14. — Four  solutions  were  incubated,  all  being  made  to  the 
same  volume  of  30"5  c.c. 


1. 
2. 

3. 

4. 


20  c.c.  yeast-juice -h  10*5  c.c.  water +  0     c.c.  arsenate. 
+  10  „  -FO-5 


+ 

+ 


9-3 

8-8 


+  0 
-fO-5 


4-  2  grm.  glucose. 
+  2 


The  following  rates  were  observed : — 


I 

1 
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No.  1. 

No.  2. 

No.  3.              No.  V 

Initial  rate  per  5  minutes 

1-5 
27-2 

8-5 
81  -2 

2-5                36-6 

I 

Total  in  1  hour  40  minutes  

The  rate  of  auto-fermentation  of  yeast-juice  is  not,  like  the  rate  of 
fermentation  of  sugar,  controlled  by  the  rate  at  which  phosphate  is  produced 
from  the  hexosephosphate,  but  by  tliat  at  which  sugar  is  formed  by  the 
hydrolysis  of  glycogen  and  dextrins,  as  is  shown  by  the  well  known  fact, 
confirmed  in  the  foregoing  experiment,  that  the  rate  of  auto-fermentation  is 
usually  considerably  less  than  that  of  the  fermentation  of  sugar. 

Consequently,  any  increase  in  the  rate  of  auto-fermentation  must  be 
primarily  due  to  an  increased  supply  of  sugar.  This  may  be  derived  from 
two  sources.  A  portion  is  supplied,  as  has  been  shown  (Experiments  19-23), 
by  the  increased  rate  of  hydrolysis  of  the  hexosephosphate  originally  present  in 
the  juice.  This  continues  until  the  whole  of  the  sugar  obtainable  from  this 
source  has  been  converted  into  carbon  dioxide  and  alcohol  and  has  the  effect 
of  temporarily  increasing  the  rate  of  fermentation.  This  acceleration  is 
independent  of  the  presence  or  absence  of  glycogen,  and  hence  the  effect  of 
arsenate  on  the  juice  in  the  absence  of  added  glycogen  gives  a  superior  limit 
to  the  extent  of  its  influence. 

After  this  point  has  been  reached,  the  sugar  formed  by  the  hydrolysis  of 
complex  carbohydrates  becomes  the  sole  source  of  carbon  dioxide.  As 
fermentation  then  proceeds  this  supply  also  gradually  becomes  exhausted 
and  the  rate  falls  off  slowly.  In  presence  of  added  glycogen,  on  the  other 
hand,  the  rate  falls  off  more  slowly. 

In  order,  therefore,  to  ascertain  whether  the  rate  of  hydrolysis  of  glycogen 
is  increased  by  the  addition  of  arsenate,  it  is  necessary  to  determine  whether 
the  effect  of  adding  glycogen  and  arsenate  together  to  the  juice  is  greater  than 
the  sum  of  the  effects  of  adding  glycogen  and  arsenate  to  separate  portions  of 
the  juice. 

This  is  done  in  the  following  experiment : — 

Experiment  15. — Five  quantities  of  20  c.c.  of  yeast-juice  were  mLxed  with 
the  following  solutions  and  incubated  for  1  hour  45  minutes,  the  total  volume 
in  each  case  being  30*5  c.c. — 

1.  2'5  grm.  glucose  in  10*5  c.c.  solution. 

2.  10*5  c.c.  water. 

3.  10  c.c.  water -f- 0*5  c.c.  arsenate. 

4.  0*5  grm.  yeast-glycogen  in  10*5  c.c.  solution. 

5.  0*5  grm.  yeast-glycogen  in  10  c.c.  solution -f  Oo  c.c.  arsenate. 
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1. 

2. 

3. 

4. 

5. 

Initial  rate  (c.c.  per  5  minutes)   

2-5 

1-5 
1-4 
1-1 

27-0 

8-5 
2-9 
1-85 
81-2 

1-9 
1-6 
1-35 
32-4 

10-0 
7-2 
4-45 
141-2 

Kate  after  1  hour    

Kate  after  1  hour  40  minutes  

Total  evolved  in  1  liour  45  minutes    

It  is  to  be  noted,  in  the  first  place,  that  the  rate  in  presence  of  glycogen 
(1-9)  is  less  than  in  presence  of  sugar  (2-5),  so  that  the  rate  of  fermentation 
in  No.  4  is  actually  controlled  by  the  rate  of  production  of  sugar. 

The  effect  of  adding  glycogen  to  the  juice  increases 

the  total  by  (4)-(2)    32-4-27     =      5-4  c.c. 

The  effect  of  adding  the  arsenate  to  the  juice  alone 

increases  the  total  by  (3)-(2)  81-2-27     =    54-2,, 

Sum   of   the   separate    effects    of    glycogen  and 

arsenate  54-2+   5-4=    59-6  „ 

Effect      of      adding     glycogen      and      arsenate 

together  (5)-(2) 141-2-27     =114-2  „ 

Hence  at  least  114-2  — 59*6  =  54*6  c.c.  more  carbon  dioxide  have  been 
derived  from  glycogen  in  the  presence  of  arsenate  than  in  its  absence. 
Comparing  the  rates  per  five  minutes  given  in  columns  3  and  5,  showing  the 
effect  of  arsenate  on  the  fermentation  in  absence  and  in  presence  of  added 
glycogen,  it  is  to  be  noticed  that  tlie  initial  rates  are  not  greatly  different 
(8-5  and  10).  This  is  due  to  the  fact  that  at  the  commencement  of  the 
auto-fermentation  there  is  an  ample  supply  of  glycogen.  This,  however,  soon 
begins  to  fail,  and  consequently  the  rate  falls  off  more  rapidly  than  in  the 
presence  of  added  glycogen,  the  relative  rates  after  1  hour  being  2*9  and  7*2, 
and  after  1  hour  40  minutes,  1-85  and  4*45.  For  this  reason  the  comparison 
is  best  made  between  the  totals  evolved  after  some  time  and  not  between  the 
initial  rates. 

Further  evidence  in  support  of  the  conclusion  that  the  hydrolysis  of 
glycogen  is  accelerated  by  the  addition  of  arsenate  is  afforded  by  the  effect  of 
the  addition  of  glycogen  to  Solutions  2  and  3  in  the  foregoing  experiment, 
which  had  been  allowed  to  auto-ferment  in  absence  and  presence  of  arsenate 
respectively. 


No.  2. 

No.  3. 

5  minutes'  rate  before  addition  of  glycogen  ... 

11 
1-4 

1-85 

4-4 

,,         ,,        after      
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Even  this  enhanced  rate  of  glycogen  hydrolysis  is  not  nearly  rapid  enough 
to  supply  sufficient  sugar  for  the  fermenting  complex  in  presence  of  arsenate. 
The  maximum  rate  obtained  with  glycogen  was  10,  whereas  the  addition  of 
0-5  c.c.  of  arsenate  to  Solution  1  containing  excess  of  glucose  produced  a  rate 
of  36"5  c.c.  in  five  minutes. 

It  follows  from  the  foregoing  that  arsenate  has  the  power  of  greatly 
accelerating  the  action  of  the  diastatic  enzyme  in  yeast-juice. 

8.  Action  of  Arsenite  on  the  Fermentation  of  Sugar  hy  Feast-Juice. 

Buchner*  made  a  number  of  observations  on  the  effect  of  arsenite  on  the 
fomentation  of  sugars  by  yeast-juice.  The  presence  of  2  per  cent,  of 
arsenious  oxide,  in  the  form  of  the  potassium  salt,  was  found  in  some 
cases  completely  to  inhibit  the  fermentation  of  glucose,  but  not  of 
saccharose,  its  effect  on  fructose  being  of  an  intermediate  character,  whilst, 
in  other  cases,  the  same  concentration  caused  a  marked  increase  in  the  total 
fermentation  of  all  three  sugars. 

A  powerful  inhibitory  effect  was  also  produced  by  this  concentration  of 
arsenite,  even  on  the  fermentation  of  saccharose  by  (a)  juice  which  had  been 
prepared  from  yeast  which  had  been  kept  at  8°  for  three  days,  (b)  juice  which 
had  been  dialysed  against  water  for  16  hours,  (c)  juice  which  had  been 
evaporated  at  35°,  (d)  juice  diluted  with  one  volume  of  water. 

It  was  further  observed,  in  many  cases,  that  the  presence  of  arsenite  caused 
a  considerable  increase  in  the  fermentation  during  the  first  IG  hours,  even 
when  the  total  fermentation  was  less  than  in  the  absence  of  arsenite.  It  was 
found  that  this  inhibitory  action  was  not  due  to  the  conversion  of  the  arsenite 
into  arsenate ;  and,  further,  that  it  was  lessened  by  the  addition  of  heated 
yeast-juice  or  blood  serum,  either  heated  or  unheated.  The  inhibitory  action, 
moreover,  was  greater  when  the  arsenite  was  incubated  with  the  juice  in  the 
absence  of  added  sugar.  Buchner  advanced  no  explanation  of  the  preliminary 
acceleration  caused  by  arsenite,  and  regarded  the  inhibitory  effect  as  due  to 
some  change  in  the  colloidal  state  of  the  enzyme,  against  which  the  presence 
of  other  colloidal  substances  partially  protected  it.  It  was,  according  to  this, 
the  diminution  in  the  amount  of  these  protecting  colloids  which  made  the 
samples  of  juice  submitted  by  him  to  various  operations  so  much  more 
susceptible  to  the  action  of  arsenite. 

A  careful  experimental  comparison  of  the  effects  of  arsenite  and  arsenate 
on  fermentation  by  yeast-juice  shows  that  these  two  actions  are  precisely 
similar  in  kind,  but  that  the  acceleration  produced  by  arsenite  is  markedly 

*•  '  Die  Zyniafiegnirung,'  pj).  184—205. 
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less  than  that  caused  by  an  equivalent  concentration  of  arsenate.  This 
similarity  of  the  action  of  arsenite  to  that  of  arsenate  is  shown  in  the 
experiments  summarised  below. 

(1)  Arsenite  produces  an  acceleration  which  continues  long  after  an  extra 
amount  of  carbon  dioxide  equivalent  to  the  arsenite  added  has  been  evolved. 

Experiment  24. — Yeast-juice  containing  10  grm.  of  glucose  per  100  c.c. 
was  incubated  until  a  steady  rate  of  fermentation  had  been  attained.  To 
20  c.c.  of  this  were  added  5  c.c.  of  a  0'3  molar  solution  of  sodium  arsenite, 
equivalent  to  33'6  c.c.  of  carbon  dioxide  at  N.T.P.,  and  the  rate  of 
fermentation  observed. 


Time  after 

Rate  in  c.c.  of  carbon 

Time  after 

Rate  in  c.c.  of  carbon 

addition, 

dioxide  evolved  in 

Total. 

addition, 

dioxide  evolved  in 

Total. 

in  minutes. 

preceding  5  minutes. 

in  minutes. 

preceding  5  minutes. 

0 

1-7 

25 

6-2 

32-8 

5 

7-0 

7-0 

30 

5-9 

38-7 

10 

7  1 

14-1 

45 

5-6 

56-5 

15 

6-2 

20-3 

60 

5-6 

73-2 

20 

6-3 

26-6 

85 

3-3 

89-7 

f 


The  total  evolved  in  85  minutes  is  thus  89-7  c.c,  whereas  in  absence  of 
arsenite  it  would  have  been  17  x  1*7  =  28-9,  and  hence  the  extra  carbon 
dioxide  is  89*7  —  28-9  =  60'8,  which  is  largely  in  excess  of  the  equivalent, 
33-6. 

(2)  The  acceleration  produced  by  arsenite  is  much  less  than  that  obtained 
with  an  equivalent  amount  of  arsenate. 

Experiment  25. —  20  c.c.  of  yeast-juice,  containing  2  grm.  of  glucose,  gave 
a  rate  of  1*7  c.c.  in  five  minutes.  The  addition  of  1  c.c.  of  a  0*3  molar 
solution  of  arsenite  raised  the  rate  to  3*1  c.c.  in  five  minutes,  whilst  the 
addition  of  the  same  volume  of  0'3  molar  arsenate  to  the  original  juice  gave 
a  rate  of  27'5  c.c. 

(3)  The  rate  attained  increases  with  the  concentration  of  the  arsenite 
until  a  maximum  is  reached,  so  that,  as  in  the  case  of  arsenate,  there  is  an 
optimum  concentration  of  arsenite. 

Experiment  26.— Varying  quantities  of  a  0*3  molar  solution  of  sodium 
arsenite  were  added  to  20  c.c.  of  yeast-juice,  the  total  volume  being 
maintained  at  40  c.c,  and  containing  10  per  cent,  glucose. 

(4)  The  maximum  rate  attainable  and  the  optimum  concentration  of 
arsenite  are  both  greater  in  the  case  of  fructose  than  in  that  of  glucose. 
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Co.  arsonite  added. 

Rate  in  c.c.  of  carhon  dioxide 

in  G  miuutca. 

0 

21 

1 

3-4 

8 

0-4 

6 

0-9 

13 

4-5 

20 

0-8 

Experiment  27.— The  numbers  in  the  following  table  refer  to  20  c.c.  of 
yeast-juice  and  1  grm.  of  the  sugar  in  35  c.c.  total  volume. 


C.c.  molar  arsenite  added. 

Rate  in  c.c.  per  5  minutes. 

Glucose.                  Fructose. 

1 
1 

0 

2-5 

5 
10 
15 

0-34 
1-17 

2-7 
2-7 
1-48 

0-5 

1-45 

3-5 

7-96 

9-8 

It  will  be  noted  that  the  optimum  concentration  was  not  attained  fui 
fructose,  whilst  for  glucose  it  was  between  5  and  10  c.c. 

(5)  When  a  mixture  of  ferment,  co-ferment,  and  sugar  is  rendered  so  free 
from  phosphate  that  no  fermentation  will  take  place  without  the  addition 
of  phosphate,  this  added  phosphate  cannot  be  replaced  by  arsenite.  Arsenite 
therefore  cannot  exercise  the  same  function  in  alcoholic  fermentation  as 
phosphate. 

Experiment  28. — The  following  experiment  was  carried  out  in  a  similar 
manner  to  Experiment  17  dealing  with  arsenate. 

To  equal  volumes  of  a  mixture  of  10  c.c.  of  washed  zymin  suspension 

-h20  c.c.   co-ferment    solution  free  from  phosphate +  0-22  grm.  of  fructose 

were  added  the  following : — 

C.c.  CO.,  in 

18  houra. 

1.  6*5  C.c.  water 1'5 

2.  6         „  +0-5  c.c.  phosphate   38 

3.  6         „  +0-5    „    arsenite  1'4 

4.  6  c.c.  normal  hexosephosphate-f-0"5  c.c.  arsenite 33 

The  result  of  (4)  shows  that  the  amount  of  arsenite  present  was  not  sufficient 
to  inhibit  the  action  of  the  enzyme,  whilst  (3)  shows  that  ai'senite  alone 
produced  no  increase  in  fermentation. 
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(6)  Arsenite  accelerates  the  rate  of  hydrolysis  of  glycogen,  and  hence  the 
auto-fermentation  of  yeast-juice. 

Experiment  29. — The  following  solutions  were  incubated  and  the  rates  of 
fermentation  observed  : — 

1.  20  c.c.  of  yeast-juice  from  well-washed  yeast +  14  c.c.  water. 

2.  20  c.c.  of  the  same  juice -F  9  c.c.  water +  5  c.c.  of  0-3  molar  arsenite. 
Experiment  30. — In  this  case  25  c.c.  of  yeast-juice  were  used  along  with 

(1)  15  c.c.  of  water;  (2)  10  c.c.  water  and  5  c.c.  of  0*3  molar  arsenite. 


Experiment. 

Time,  in 
minutes. 

Auto.  +  water. 

Auto.  +  arsenite. 

Rate  in  5 
minutes. 

Total. 

Rate  in  5 
minutes. 

Total. 

29 
30 

5 
10 
15 
20 
60 

5 
10 
15 
20 

60 

0-6 
0-5 
0-8 
0-5 
0-55 

0-9 
1-0 
1-0 
1-4 
1-3 

0-6 
1-1 
1-9 
2-4 

6-8 

0-9 
1-9 
2-9 
4-3 

9-8 

2-6 
2-2 
2-2 
2-4 

2-6 

4-5 
4-0 

3-8 
4-3 

2-6 
4-8 
7-0 
9-4 
26-7 

4-5 

8-5 

16-1 
33-5 

That  this  increase  is,  at  all  events  in  part,  due  to  an  acceleration  of  the 
rate  of  hydrolysis  of  glycogen  is  shown  in  precisely  the  same  manner  as 
for  arsenate  (Experiment  15).     The  results  obtained  are  as  follows : — 

Experiment  31. — Five  quantities  of  25  c.c.  of  yeast-juice  were  incubated 
with  the  following  solutions  and  the  fermentations  observed : — 

1.  0-5  grm.  glucose  in  15  c.c.  solution. 

2.  15  c.c.  water. 

3.  10  c.c.  water -f  5  c.c.  of  03  molar  arsenite. 

4.  0-5  grm.  glycogen  in  15  c.c.  solution. 

5.  0-5  grm.  glycogen  in  10  c.c.  solution +  5  c.c.  arsenite. 


1. 

2. 

3. 

4. 

5. 

Initial  rate  (c.c.  jht  5  minutes)  ... 
Total  evolved  in  5  hours 

3-0 

1-3 
67-8 

4-0 
118-3 

1-6 
73-7 

4-2 
152-1 

Here,  as  in  the  experiment  with  arsenate,  the  rate  in  presence  of  glycogen 
(1-6)  is  less  than  that  in  presence  of  glucose  (3'0),  so  that  the  rate  of  the 
fermentation  in  (4)  is  actually  controlled  by  the  rate  of  production  of  sugar. 
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The  effect  of  adding   glycogen  to  the  juice  iH    to 

increase  the  total  by    73'7  —  67*8  =    5-9 

The  effect  of  adding  the  arsenito  alone  to  the  juice 

is  to  increase  the  total  by  11 83  —  67*8  =  50-5 

Sum  of  separate  effects  of  glycogen  and  arsenite  ...  505+    5-9  =  564 

Effect  of  adding  glycogen  and  arsenite  together  is  1521  —  678  =  84*3 

Hence  at  least  84-3  — 56-4  =  27*9  c.c.  more  carbon  dioxide  have  been 
derived  from  the  glycogen  in  the  presence  of  arsenite  than  in  its  absence  in 
the  same  time. 

(7)  Arsenite  produces  its  effect  by  accelerating  the  action  of  the  hexose- 
phosphatase. 

Experiment  32. — The  experiments  on  this  point  were  carried  out  exactly 
as  described  under  arsenate  (Experiments  19,  20,  21),  but,  in  addition,  the 
auto-fermentation  of  the  juice  (d)  was  observed — 


t. 

Total  c.c.  evolved  in  time  t. 

a. 

h. 

c. 

d. 

a-h. 

c-d. 

5 

4-1 

2-6 

1-0 

0-6 

1-5 

0-4 

10 

7-7 

4-8 

2-2 

1-1 

2-9 

11 

15 

11-2 

7-0 

3-4 

1-9 

4-2 

1-6 

20 

14-8 

9-4 

4-6 

2-4 

5-4 

2-2 

25 

17-9 

11-7 

5-6 

2-8 

6-2 

2-8 

55 

35-7 

24-2 

10-7 

6-2 

11-5 

4-5 

60 

38-7 

26-7 

12-3 

6-8 

12  0 

5-5 

65 

41-7 

28-8 

13-2 

7-3 

12-9 

5-9 

As  already  explained,  the  original  fermentation  due  to  hexosephosphate 
alone  is  given  by  c—dj  and  the  enhanced  fermentation  due  to  hexose- 
phosphate by  a^h.  The  effect  of  arsenite  on  the  hexosephosphatase  is  very 
much  less  than  that  of  arsenate,  as  was  to  be  expected  from  the  relative 
effects  of  the  two  on  the  fermentation  of  sugar,  and  is  only  clearly  visible 
when  the  original  auto-fermentation  is  subtracted  from  the  fermentation  in 
presence  of  hexosephosphate.  The  result  in  this  case  therefore  depends  on 
the  assumption  that  the  presence  of  the  hexosephosphate  and  the  products 
of  its  hydrolysis  does  not  seriously  affect  the  rate  of  hydrolysis  of  the 
glycogen. 

Exiieriment  33. — An  experiment  was  also  carried  out  with  washed  zymin 
in  precisely  the  same  way  as  described  for  arsenate  (Experiment  23), 
hexosephosphate  being  made  the  sole  source  of  phosphate. 

10  c.c.  of  washed  zymin  suspension +  15  c.c.  of  co-ferment  solution  free 
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from  phosphate  +  0'5  grm.  of  fructose +  9  c.c.   of  hexosephosphate  solution 
+ 1  c.c.  of  water,  on  addition  of — 

(1)  1  c.c.  water  gave  9'5  c.c.  of  carbon  dioxide  in  25  minutes. 

(2)  1  c.c.  of  0*3  molar  arsenite  solution  gave  11*1  c.c.  in  25  minutes. 

In  this  case  the  rate  was  only  increased  about  20  per  cent.,  whereas  the 
addition  of  arsenate  doubled  the  rate. 

9.  Inliihitory  Action  of  Arsenate  and  Arsenite. 

Both  arsenate  and  arsenite  may  exert  an  inhibitory  action  on  alcoholic 
fermentation,  and  this  may  manifest  itself  in  two  ways.  If  a  sufficient 
excess  be  added,  no  fermentation  at  all  occurs ;  in  presence  of  a  smaller 
amount  than  is  necessary  to  produce  this  total  inhibition,  the  effect  is  mani- 
fested by  the  low  rate  and  shortened  duration  of  fermentation.  An  experi- 
ment showing  this  behaviour  of  arsenate  in  a  typical  manner  has  already 
been  quoted  (No.  11).  Even  when  the  rate  of  fermentation  is  considerably 
increased  by  the  presence  of  an  amount  of  arsenate  in  excess  of  the  optimum 
amount,  it  frequently  happens  that  this  rate  falls  very  rapidly  and  that  all 
fermentation  ceases  in  an  hour  or  two.  The  exact  conditions  under  which 
this  occurs  have,  however,  not  been  ascertained.  It  is  as  yet  uncertain 
whether  this  inhibitory  action  is  due,  as  suggested  by  Buchner,  to  changes 
in  the  colloidal  state  of  the  fermenting  complex  or  to  the  formation  of 
inactive  combinations  of  the  complex  with  the  arsenate  and  arsenite,  in  a 
similar  manner  to  tliat  suggested  by  the  authors  in  the  case  of  inhibition 
produced  by  excess  of  phosphate.*  In  all  probability  the  phenomenon  is  a 
complex  one  in  which  several  factors  participate. 

The  total  inhibition  produced  by  arsenite  which  was  observed  by  Buchner 
(p.  469)  with  juice  which  had  been  submitted  to  dialysis,  evaporation,  etc., 
may  not  improbably  be  ascribed  to  a  loss  of  fermenting  complex  during  these 
operations,  so  that  the  amount  of  arsenite  added  was  greatly  in  excess  of  the 
optimum.  It  is,  however,  quite  possible  that  the  proteins  accompanying  the 
ferment  present  in  the  juice  do  exert  a  protective  influence,  as  suggested  by 
Buchner,  and  that  a  diminution  in  their  amount  may  also  play  some  part  in 
the  phenomenon. 

10.  Experiments  ivith  Various  Salts. 
No  other  salts  capable  of  bringing  about  results  in  any  way  comparable 
with  tliose  produced  by  arsenates  and  arsenites  have  been  found.  Experi- 
ments witli  the  sulphate,  orthovanadate,  antimonate,  tuugstate,  chromate, 
stannate,  phospliite,  and  citrate  of  sodium,  and  with  tartar  emetic  and  zinc 
sulphate,  were  all  negative. 

*  '  Roy.  Soc.  Proc.,'  B,  1908,  vol.  80,  p.  299. 
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Sitmmary. 

1.  When  a  suitable  amount  of  arsenate  is  added  to  a  fermenting  mixture  of 
yeast-juice  and  a  sugar,  it  causes  a  large  acceleration  in  the  rate  of  production 
of  carbon  dioxide  and  alcohol.  This  enhanced  rate  differs  from  that  produced 
by  phosphate,  inasmuch  as  it  continues  long  after  a  chemical  equivalent  of 
carbon  dioxide  has  been  evolved.  The  arsenate,  moreover,  is  found  in  the 
free  state  throughout  the  fermentation. 

2.  The  rate  attained  increases  rapidly  witli  addition  of  arsenate,  until  an 
optimum  concentration  is  reached,  after  which  it  decreases,  at  first  rai)idly, 
and  then  more  slowly. 

3.  The  total  fermentation  produced  depends  on  tlie  particular  concentra- 
tion of  arsenate  employed,  and  may  be  either  higher  or  lower  than  that  given 
in  the  absence  of  arsenate.  As  the  high  rate  produced  by  a  suitable  quantity 
of  arsenate  persists  for  a  long  time,  very  considerable  increases  in  the  total 
fermentation  may  be  observed. 

4.  Glucose  and  mannose  are  similarly  affected  by  yeast-juice  in  presence 
of  arsenate,  whereas  fructose  is  much  more  rapidly  fermented  than  these 
two  sugars,  and  the  optimum  concentration  of  arsenate  in  its  presence  is 
greater. 

5.  The  increased  rate  of  fermentation  of  sugars  in  presence  of  arsenate  is 
due  to  an  acceleration  of  the  rate  of  action  of  the  hexosephosphatase  of  the 
juice,  whereby  an  increased  supply  of  phosphate  is  afforded.  The  action  is 
therefore  essentially  different  from  that  of  phosphate,  and  it  has  been  found 
that  arsenate  cannot  replace  phosphate  in  the  fundamental  reaction  of 
alcoholic  fermentation. 

6.  Arsenate  also  causes  a  considerable  increase  in  the  rate  of  the  auto- 
fermentation  of  yeast-juice,  and  in  the  rate  of  the  fermentation  of  glycogen. 
This  is  mainly  due  to  an  acceleration  of  the  rate  of  action  of  the  diastatic 
enzyme  of  yeast-juice  (glycogenase). 

7.  The  action  of  arsenites  is  similar  to  that  of  arsenates,  but  is  much  less 
marked. 

8.  Both  arsenate  and  arsenite  cause  total  inhibition  of  the  fermentation 
when  they  are  present  in  a  high  concentration,  but  the  nature  of  this  effect 
has  not  been  ascertained. 
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tJber  (lie  Zustimiiiensetzung  der  durcli  Hefepielisaft 
gebildeteii  Hexosephosphorsiiure.   1. 

VOQ 

A.  Harden  und  W.  J.  Young. 

(Aus  dem  Biochemical  Department  of  the  Lister  Institute  London.) 
(Eingegangen  am  22.  Mdrz  1911.) 

Im  Jahre  1905  zeigten  die  Verfasser^),  daC,  wenn  man  zu 
einem  Garungsgemisch,  aus  Glucose  und  HefepreBsaft  bestehend, 
ein  losliches  Phosphat  zusetzt,  die  Garung  bedeutend  aktiviert 
wird.  Diese  Erscheinung  ist  aber  nur  voriibergehend ,  die 
Garung  erreicht  bald  eine  konstante  GroBe,  die  nur  wenig  hoher 
ist  als  die  Garung  des  urspriinglichen  Gemisches  ohne  Phosphat. 
Es  wurde  gezeigt,  daB  am  Ende  der  Periode  der  vermehrten 
Garung  das  Phosphat  nicht  mehr  durch  Magnesiumcitratgemisch 
gefallt  werden  konnte.  In  einer  Serie  von  spateren  Arbeiten'-) 
kamen  die  Verfasser  zu  der  Ansicht,  daB  es  sich  um  eine  Bil- 
dung  eines  Phosphorsaureesters  handelt.  Die  Reaktion  kann 
durch  folgende  Gleichung  ausgedriickt  werden: 

2  CeH^O.  +  2  R',HPO,  =  2  CO,  +  2  C.HeO  -  CeH,„0.(PO,R'.). 

+  2H,0. 

Ahnliche  Erscheinungen  wurden  auch  bei  der  Garung  von 
Fructose  und  Mannose  unter  denselben  Bedingungen  beobachtet. 

Im  Jahre  1907  erschien  nun  eine  Arbeit  von  Iwanoff  ^),  in  der 
er  angibt,  daB  wahrend  der  Garung  von  Glucose  und  Fructose  durch 
Zymin,  in  Gegenwart  von  Natriumphosphat,  organische  Phosphor- 
verbindungen  entstehen,  die  in  Form  von  Kupfersalzen  isoliert 

1)  Proc.  of  the  Chem.  Soc.  21,  189,  1905. 

2)  Proc.  Roy.  Soc.  B.  77,  417,  1906;  SO,  299,  1908;  SI,  336,  1909; 
Proc.  of  the  Chem.  Soc.  24,   115,  1908. 

3)  Zeitschr.  f.  physiol.  Chem.  50.  281,  1907. 
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wurden.  Seiner  Meinung  nach  waren  es  Verbindungen  einer 
Triose  und  Phosphorsaure,  und  er  erhielt  mit  Phenylhydrazin  zwei 
Osazone,  die  bei  142^  resp.  bei  125°  schmolzen.  In  einer  spateren 
Mitteilung^)  kam  Iwanoff  zu  der  Ansicht,  daB  beide  Osazone 
identisch  waren,  und  daB  beide  nach  dem  Umkrystallisieren  aus 
Benzol  bei  127°  schmolzen.  Die  Analyse  zeigte,  daB  es  sich 
um  ein  Trioseosazon  handelte.  Er  betrachtet  deswegen  diese 
Verbindung  als  eine  Triosephosphorsaure.  Im  Jahre  1907  be- 
schrieb  Young ^)  die  Isolierung  dieser  Phosphorverbindungen 
mit  Hilfe  der  Bleisalze,  deren  empirische  Zusammensetzung 
C3H5O2  (PO^Pb)  war.  v.  Lebedew^)  beschreibt  ebenfalls  die 
IsoUerung  dieses  Phosphorsaureesters  mit  Hilfe  von  Aceton  und 
findet,  daB  diese  Verbindung  mit  Phenylhydrazin  ein  Osazon 
von  der  Formel  C24H29O6N6P  liefert,  die  er  als  ein  Pheny-1 
hydrazid  des  Phosphorsaurederivats  des  Hexosazons  betrachtet. 

Im  selben  Jahr  wurden  von  Young*)  die  Eigenschaften 
der  freien  Hexosephosphorsaure  (durch  Garung  von  Glucose, 
Fructose  und  Mannose  in  Gegenwart  von  Phosphat  erhalten) 
sowie  ihrer  Salze  eingehend  beschrieben  und  die  Meinung  aus- 
gesprochen,  daB  die  Verbindungen  der  3  Hexosen  identisch 
sind  und  Salze  der  Saure  Cj^^H^QO^iFO^H^)^  sind.  Es  wurden 
Silber-,  Blei-,  Barium-  und  Calciumsalze  hergestellt,  deren  Zu- 
sammensetzung auf  die  obige  Formel  paBt. 

V.  Lebedew^)  gibt  in  einer  spateren  Arbeit  weitere  Ex- 
perimente  iiber  das  Osazon  und  einige  seiner  Derivate  an.  Das 
umkrystallisierte  Osazon  schmolz  bei  150  bis  152°  und  entsprach 
der  Formel  C24H3jNg07P,  die  ein  wenig  von  der  friiher  an- 
gegebenen  differiert.  Er  halt  es  fiir  ein  phenyl hydrazidophosphor- 
saures  Deri  vat  des  Hexosazons  und  schreibt  ihm  folgende  Zu- 
sammensetzung zu: 

CeHgN2H2P0^ .  C4H,(0H)3 .  C(NNHC6H,)CH .  NNHCeH^ . 

V.  Le bedew  gibt  ferner  an,  daB  er  ein  Phosphorsaure- 
hydrazid  nicht  erhalten  konnte,    somit  konnte  freie  Phosphor- 


1)  Centralbl.  f.  Bakt.,  II.  Abt.,  24,  1,  1909. 

2)  Proc.  of  the  Cliem.  Soc.  23.  65,  1907. 

3)  Diese  Zeitschr.  20,  114,  1909. 

*)  Proc.  Roy.  Soc.  BSl,  528,  1909. 
fi)  Diese  Zeitschr.  2S,  213,  1910. 
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saure  wahrend  dcr  Bildun^  des  Osazons  nicht  ahgcspalten  werdon. 
Das  iniiBte  aber  der  Fall  sein,  wenn  der  PhosphorHaurecster 
zwei  Phosphorsaurereste  auf  eine  Hexosemolekiil  cnthalUm 
wiirde,  der  Formel  von  Young  entsprechend.  Dc-halb  koinmt 
er  zum  SchluB,  daB  Hexosephosphorsiiure  nur  eineri  J^hosphor- 
saurerest  enthalt  und  erkliirt  die  Tatsachc,  daB  die  Analysen- 
resultate  der  Salze  mit  der  Formel  von  Young  zusamrnen- 
stirnmen  dadurch,  daB  es  sich  urn  amorphe  Substanzen  handelt, 
die  durch  ein  Phosphor  enthaltendes  kolloidales  Polysaccharid 
verunreinigt  sind  (dessen  Gegenvvart  er  im  HefepreBsaft  an- 
nimmt),  das  durch  Bleiacetat  gefallt  sein  soil.  Diese  Ver- 
bindung  kann  nach  v.  Lebedew  durch  Ultrafiltration  aus  dem 
HefepreBsaft  entfernt  werden  und  liefert  sofort  kein  Osazon, 
dagegen  ein  Phosphor  enthaltendes  Osazon  nach  3  stiindigera 
Kochen  mit  2,5normaler  Schwefelsaure. 

V.  Lebedew  zweifelt  demnach  an  der  Richtigkeit  der 
Gleichungen  der  Verfasser,  die  den  Kreislauf  der  Phosphorsaure 
in  der  Garung  darstellen  und  die  auf  der  Formel  C6HjoO^(PO^K.,)2 
(die  fiir  Hexosephosphat  angenommen  wurde)  beruhen. 

I.  2  CeH^.Og  +  2  R',HPO^  =  2  CO^  +  2  C^H.O 

+  CeH,A(P0,R',),-^2H,0. 

11.  C6H,,0,(P0,Rg,  +  2  H.,0  =  C,R,fi,  -i-  2  R'^HPO,. 

Abgeselien  von  der  Zusammensetzung  von  Hexosephosphat 
wurde  die  Gleichung  I  ermittelt  aus  der  Bestimmung:  erstens, 
des  Verhaltnisses  zwischen  dem  zugesetzten  Natriuniphosphat 
und  CO2  und  Alkohol,  die  gebildet  wurden  als  Folge  dieses 
Zusatzes  in  Gegenwart  eines  Uberschusses  an  Zucker,  zweitens, 
aus  dem  Verhaltnis  von  verbrauchtem  Zucker  und  entstandener 
CO.2,  in  Gegenwart  eines   Uberschusses  an  Phosphat. 

Die  ausgefiihrten  Bestimmungen^)  setzten  auBer  Zweifel, 
daB:  erstens  in  der  Periode  der  aktivierten  Garung,  in  Gegen- 
wart eines  Zuckeriiberschusses  und  nach  Zusatz  von  1  Mol. 
Phosphat,  die  Reaktion  nach  der  Gleichung  I  verliiuft  und 
1  Mol.  CO2  und  1  Mol.  Alkohol  liefert  und  daB:  zweitens,  in 
Gegenwart  eines  Uberschusses  an  Phosphat  1  Mol.  CO^  aus  1  Mol. 
Zucker  gebildet  wird.     Die  einzige  Gleichung,    die    mit    diesen 


1)  Proc.  Roy.  Soc.  B.  77,  405,  1906;  S2,  321,  1910. 
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experimentellen  Daten  und  mit  der  Bildung  eines  Phosphor- 
saurederivats  mit  6  Kohlenstoffatomen  in  Einklang  steht,  ist 
die  oben  angegebene  Gleichung  I.  Diese  Ansicht  findet  auBerdem 
eine  Stiitze  in  den  Analysenresultaten  der  Salze  von  Young. 
Die  ganze  Frage  der  Zusammensetzung  der  Hexosephosphorsaure- 
ester  und  ihrer  Derivate,  die  durch  Einwirkung  von  Phenyl- 
hydrazin  erhalten  wurden,  wurde  durch  Young  einer  emeu  ten 
Revision  unterworfen,  und  die  erhaltenen  Resultate  werden  in 
der  folgenden  Arbeit  beschrieben.  Es  moge  hier  angefUhrt 
werden,  daB  sie  vollstandig  die  friiher  angenommene 
Formal  der  Hexosephosphorsaure  bestatigen.  Wir  sind 
daher  nicht  in  der  Lage,  die  Stichhaltigkeit  der  Lebedewschen 
Argumente  gegen  die  von  uns  aufgestellte  Gleichung  anzuerkennen. 
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The  mechanism  of  complement  deviation  has  already  been 
so  clearly  explained  by  Proff  88or  Was&ermann  and  Pro- 
fessor Muir  in  the  course  of  this  discussion  that  I  need 
not  again  describe  the  process  in  any  detail  Red  blood 
corpuscles  when  treated  or  "  sensitized  "  with  the  serum 
of  an  animal  immunized  to  them  acquire  the  power  of 
attracting  complement,  a  substance  found  in  fresh  normal 
serum.  This  is  a  property  which  the  red  corpuscles  share 
with  other  cells  similarly  treated.  Most  cells,  including 
bacteria,  have  the  property  of  attracting  complement,  when 
they  are  combined  with  the  serum  of  an  animal  immunized 
to  them.  On  this  fact  is  based  the  whole  technique  of 
complement  deviation  as  a  means  of  diagnosis. 

Now  this  attraction  of  the  sensitized  red  cells  for  com- 
plement may  be  accentuated  or  diminished  according  to 
circumstances  which  are  wit>'in  our  control.  It  is  a 
familiar  fact  that  at  a  low  temperature  the  sensitized  red 
cells  are  usually  unable  to  take  up  complement  out  of  the 
the  fluid  in  which  they  are  suspended  ;  they  couKequently 
remain  unlaked.  Similarly,  if  the  complement  is  offered 
to  the  sensitized  cells  in  a  fluid  which  contains  a  high  con- 
centration of  sodium  chloride — that  is,  is  hypertonic — their 
capacity  of  taking  up  the  complement  may  be  considerably 
reduced.  There  are  other  methods  known,  by  which  we 
can  inhibit  these  sensitized  cells  from  obtaining  the 
complement  offered  to  them ;  but  the  one  to  which  I  wish 
to  direct  your  attention  is  that  of  altering  the  reaction  of 
the  medium  in  which  the  haemolytic  constituents  are 
mixed. 

In  a  mixture  of  a  definite  slight  degree  of  acidity 
haemolysis  does  not  occur.  The  red  cells  are  present 
sensitized,  but  they  cannot  avail  themselves  of  the  com- 
plement which  is  also  present,  and  they  remain  unlaked. 

[545/10] 


It  v^as  shovTn  by  Michaelis  and  SkwLrsky  that  under  such 
conditions  the  red  cells,  although  not  laked,  may  still  be 
not  unaffected  by  the  complement  with  which  they  have 
been  in  contact.  The  corpuscles  are  suspended  in  an 
isotonic  solution  of  acid  sodium  phosphate  of  known 
acidity,  and  mixed  with  complement  and  the  appropriate 
immune  serum.  After  an  interval  the  mixture  is  centri- 
fugalized,  and  the  supernatant  fluid  is  removed  from  the 
unlaked  red  cells,  and  both  fluid  and  red  cells  neutralized. 
Even  after  suspension  in  a  neutral  fluid  the  red  cells 
remain  unlaked.  They  are  fully  sensitized,  because  the 
addition  of  fresh  complement  causes  rapid  laking.  The 
failui"e  of  haemolysis,  then,  is  evidently  due  to  the  fact 
that  the  sensitized  cells  have  not  taken  up  the  complement 
when  it  was  offered  them. 

We  should  expect,  then,  to  find  the  complement  left  in 
the  supernatant  fluid,  and  available  in  the  now  neutralized 
fluid.  If,  however,  we  add  this  neutral  fluid  to  other  red 
cells,  sensitized  equally,  but  in  the  usual  way,  by  the  addi- 
tion of  immune  serum  without  complement,  no  haemolysis 
occurs.  We  do  not,  in  fa2t,  find  the  complement  in  the 
supernatant  fluid.  What,  then,  has  become  of  it  '?  An 
explanation,  which  immediately  offers  itself,  is  that  the 
complement  has  been  destroyed  by  the  acidity  of  the 
original  mixture.  This,  however,  is  not  the  case.  For,  if 
one  adds  the  neutralized  fluid  to  the  cells  from  which  it 
was  separated  by  means  of  the  centrifuge  while  it  was 
acid,  haemolysis  occurs  as  readily  as  if  we  added  fresh 
untrea'ed  complement.  The  complement  has  not  been 
destroyed. 

We  are  then  in  this  case.  We  have  a  fluid,  the  neutralized 
supernatant  fluid,  which  is  unable  to  lake  cells  sensitized 
in  the  ordinary  way.  This  fluid,  then,  must  lack  an 
ingredient  essential  to  haemolysis,  namely,  the  complement 
or  part  of  it.  It  can,  however,  lake  the  cells  from  which  it 
was  removed.  These  cells,  then,  must  contain  the  missing 
ingredient.  Bat  we  know  that  these  cells  do  not  contain 
the  complete  complement.  Hence  we  may  deduce  that  the 
cells  contain  one  fraction  of  the  complement,  which  I  shall 
call  C,  and  the  supernatant  fluid  another  fraction,  C  .  The 
argument  may  be  summarized  in  this  way : 

1.  Complement  —  ordinarily  sensitized  cells  =  laking. 
Supernatant  fluid  —  ordinarilv  sensitized  cells  =  no  laking. 

Therefore  the  supernatant  fluid  does  not  contain  tke 
complete  complement. 

2.  Treated  sensitized  cells  by  themselves  =  no  laking. 

Therefore  these  cells  do  not  contain  the  complete  com- 
plement. 

3.  Supernatant  fluid  -i-  treated  sensitized  cells  =  laking. 

Therefore  this  mtstore  contaLna  the  complete  comple- 
ment. 
That  is— The  treated  cells  contain  one  fraction  of  the  com- 
plement C,  and  the  supernatant  fluid  another  fraction  of 
the  complement  C  . 

A  similar  division  of  complement  into  two  parts  was 
efiEected  some  years  ago  by  Ferrata  by  means  of  dialysis  ; 
but  his  method  is  very  uncertain  and  gives  very  irregular 


results.  One  portion  came  down  with  the  globulins  which 
fell  out  of  solution  as  dialysis  progressed,  and  the  other 
portion  remained  in  solution.  Ferrata  believed  that  the 
globulin  part,  which  corresponds  to  what  we  are  calling  C, 
is  thermofctable.  But  I  find  that  not  only  is  C  destroyed 
by  half  an  hour  at  55^  C,  but  also  C.  For,  if  you  heat 
whole  complement,  you  cannot  by  adding  C  restore  its 
activity.  It  is  interesting  to  note  that  a  C  derived  from 
human  serum  by  the  acid  method  described  acts  at  least 
as  well  with  the  C  of  guinea  pig  serum  as  does  guinea  pig 
C  itself.  I  am  not  yet  certain  whether  the  C  of  human 
serum  acts  with  the  C  of  the  guinea-pig 

Now,  in  deviation  experiments,  as  ordinarily  carried  out 
— that  is,  with  extracts,  whether  of  bacteria  or  of  syphi- 
litic liver,  as  in  the  Wassermann  reaction — it  is  not  the 
whole  of  the  complement  that  is  deviated.  After  com- 
pleting a  strongly  positive  Wassermann  reaction  or  a 
deviation  with  bacterial  extract,  the  corpuscles  settle 
down  in  the  tube  unlaked,  and  the  supernatant  fluid 
remains  clear  and  untinted  with  haemoglobin.  Such  a 
supernatant  fluid  is  incapable  of  laking  red  cells  highly 
sensitized  in  the  ordinary  way,  but,  if  you  add  it  to  cells 
treated  in  the  manner  described  with  acid  phosphate, 
laking  occurs  quickly.  The  supernatant  fluid  therefore 
contains  C,  and  only  part  of  the  complement  has  been 
deviated — namely,  C.  In  deviation  experiments,  then, 
what  occurs  is  the  removal  of  C,  while  C  remains  free  and 
intact.  I  have  tried  this  with  various  forms  of  deviation, 
such  as  the  ordinary  bacterial  extract,  the  Wassermann 
rea<ction,  and  the  precipitin  reaction,  and  always  with  the 
same  result:  only  C  is  deviated.  Even  in  cases  of  spon- 
taneous deviation,  those  non-specific  deviations  of  com- 
plement which  render  rigid  controls  so  necessary  a  part  of 
a  reliable  Wassermann  technique,  it  is  not  a  deviation  of 
the  whole  complement  that  occurs,  but  of  only  a  part,  and 
of  always  the  same  part — namely,  C 

Whether  if  one  used,  instead  of  bacterial  extracts 
according  to  the  modification  introduced  by  Wassermann, 
the  whole  bacteria  as  in  the  original  method  of  Bordet 
and  Gengou,  one  would  still  find  only  a  part  of  the  com- 
plement deviated,  I  cannot  yet  say.  The  attraction  of 
red  cells  sensitized  under  ordinary  conditions  is  for  the 
whole  complement,  since  they  undergo  lysis.  It  is  reason- 
able to  expect  that  in  the  case  of  bacterial  cells  the  same 
will  hold  good.  At  least  this  expectation  is  reasonable  for 
the  bacteria,  such  as  cholera  or  typhoid,  which  undergo 
lysis  under  the  action  of  complement  and  immune 
serum.  It  will  be  of  considerable  interest,  theoretical  and 
practical,  to  determine  whether  organisms,  such  as  many 
cocci,  which  do  not  undergo  lysis,  take  op  the  whole  com- 
plement or  remain  undissolved,  because  they  are  capable 
«f  taking  up  only  a  part,  the  portion  corresponding  to  C. 
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PREFACE. 

Although  the  discovery  of  the  "carrier"*  as  an  ao-ency  in  the 
transmission  of  enteric  fever  is  a  comparatively  recent  event,  the 
literature  of  this  suhject  has  ah-eady  attained  large  dimensions.  This 
result  is  due  to  more  than  the  interest  created  by  the  detection  of  a 
previously  unrecognised  channel  of  transference  of  the  disease  ;  it  is, 
in  great  part,  owing  to  the  belief  that  the  carrier  is  more  than  a 
mere  transmitter  of  infection. 

In  the  earlier  days  of  bacteriology,  with  increasing  bacteriolooMoal 
knowledge  had  come  increasing  difficulty  in  understanding  how  and 
where  the  infective  organism  of  enteric  fever  maintained  its  vitality 
between  the  recognised  occurrences  of  the  disease,  whether  in  the 
form  of  epidemic  outbreaks  or  in  that  of  endemic  prevalence,  to  which 
it  gave  rise.  Some  degree  of  explanation,  no  doubt,  was  to  be  found 
in  the  probable  existence  of  unrecognised  cases  of  the  fever,  which 
might  serve  to  secure  the  life-chain  of  the  organism,  but  this  hypothesis 
was  not  regarded  as  sufficient  in  itself.  It  came,  accordingly,  to  be 
considered  probable  that  the  organism  led  a  saprophytic  existence 
outside  the  human  body,  and  was  capable  of  living  and  multiplying 
in  such  inanimate  media  as  water  and  soil.  This  hypothesis  at  first 
received  considerable  support  from  bacteriologists,  but  as  the  result  of 
further  investigations  fell  largely  into  discredit.  Following  on  this, 
came  the  discovery  of  the  carrier,  and  with  it  the  view  that  the 

*  A  "  carrier  "  of  enteric  fever  is  a  person  who,  although  he  may  be  in  good 
health,  carries  the  infectious  material  of  the  fever  in  his  body,  from  which  it 
may  be  given  off  in  the  stools  or  in  the  urine. 

LONDON: 

PRINTED    FOR    HIS    MAJESTY'S    STATIONERY    OFFICE, 

By  darling  &  SON,  Ltd.,  34-40,  Bacon  Street.  E. 


And  to  be  purchased,  either  directly  or  through  any  Bookseller,  from 

WYMAN  AND  SONS,  Ltd.,  Fetter  Lank,  E.C.  ;  or 

OLIVIER  &  BOYD,  Tweeddale  Court,   Edinburgh;   or 

E.  PONSONBY,  Ltd.,   116,  Grafton  Street,  Dumlin. 

1910. 
Price  One  ShUJing. 

No.  43. 

(17376_21.)     Wt.  15030— 742.     1000.     11/10.     D  &  S.     (.9.)  A 


2 

carrier  of  enteric  fever  is  not,  like  inanimate  agencies,  a  merely 
passive  transmitter  of  infection,  but  is  a  breeding  ground  and  store- 
house of  the  specific  organism  of  the  fever.  These  organisms  live 
and  flourish  in  his  body,  from  which  they  may,  whether  continuously 
or  from  time  to  time,  be  excreted  and  give  rise  to  the  disease  in 
others. 

It  appears,  therefore,  that  not  only  persons  sick  with  the  fever,  but 
also  healthy  persons  who  are  carriers  may  infect  others.  It  is 
contended  that,  by  these  two  cycles  of  infection,  the  continued 
existence  and  infectivity  of  the  enteric  fever  organism  can  be  largely, 
if  not  wholly,  explained  without  need  for  assumption  of  long 
viability  of  the  organism  outside  the  human  body. 

A  hypothesis  of  this  importance  naturally  attracted  much  attention 
and  led  to  many  investigations  of  the  question.  The  results  of  these 
investigations  are  to  be  found  in  numerous  publications  by  the 
observers  who,  in  different  countries,  have  been  working  in  this  field. 
But  to  obtain  access  to  these  widely  scattered  publications  is  a 
matter  of  no  small  difficulty,  and  accordingly  Dr.  Ledingham,  who, 
along  with  myself,  is  engaged,  on  behalf  of  the  Board,  in  an  inquiry 
into  protracted  and  recurrent  infection  in  enteric  fever,  considered 
that  there  would  be  advantage  in  preparing  for  publication  a 
summary  of  at  least  the  more  important  investigations  that  have 
hitherto  been  made  in  connection  with  this  subject. 

In  the  accompanying  report  by  Dr.  Ledingham  a  summary  of  the 
sort  is  given.  A  considerable  part  of  the  report  is  devoted  to  the 
literature  of  the  question  of  principal  importance,  that,  namely,  of 
the  infectivity  of  carriers.  Dr.  Ledingham  gives  the  history  of  a 
large  number  of  occurrences  of  enteric  fever  in  domestic  life,  in 
institutions,  and  in  military  populations,  in  which  the  source  of 
infection  has  been  traced,  more  or  less  convincingly,  to  a  carrier.  In 
many  of  the  examples  that  he  quotes,  the  evidence  incriminating  the 
carrier  is  conclusive.  The  infection  was  conveyed  from  the  carrier 
to  his  victim,  in  many  instances,  by  food  or  milk,  while,  in  not  a  few 
others,  the  personal  relationship  between  the  carrier  and  the  person 
attacked  was  sufficiently  close  to  suggest  direct  personal  infection. 
What  share  of  enteric  fever  is  directly  due  to  the  carrier  is  a 
problem  which  has  been  investigated  by  several  observers,  and  the 
results  of  their  investigations  vary  markedly.  The  proportions 
recorded  by  different  inquirers  range  between  2*3  per  cent,  and 
32  per  cent,  of  the  total  amount  of  the  fever.  Some  of  those  who 
have  obtained  the  higher  figures  maintain  that  their  results  were  due 
to  more  careful  and  sustained  investiefation  and  are  the  more 
accurate. 

In  view  of  the  potential  danger  of  the  carrier  to  the  community  in 
which  he  lives,  it  is  of  interest  to  know  what  proportion  of  these 
persons  exists.  In  this  connection,  Dr.  Ledingham  sets  out  the 
results  of  investigations  undertaken  with  a  view  to  ascertaining  the 
degree  of  frequency  with  which  carriers,  whether  those  in  whom 
the  condition  lasts  l)ut  a  short  time  (transitory  carriers),  or  those  in 
whom  it  is  more  permanent  (chronic  carriers),  have  been  found 
ill  certain  groups  of  persons.  These  investigations  were  made  in 
relation  with  ])ersons  who  had  recently  had  enteric  fever,  with 
persons  known  to  have  been  in  contact  with  cases  of  the  fever,  and 
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with  an  ordinary  ])0))ulMtion.  Tli(»  results  show  considoral)!!'  varia- 
tions, perhaps  ])artly  (h»pcn(h'ii1  upon  I  lie  (lifl'ciinir  (h'^rpce  of 
frequency  with  wliicli  hacjteriolo^icnl  cxnmlnntions  wcvc  imuh'  :ind 
on  tlie  varyino-  de<;ree  of  ('ffic.iency  of  the  ni(ali()(l>  cniployiMl. 
Moreover,  it  cannot  be  said  tfiat  investi<):ation  of  this  kind  han  yet 
been  made  on  sucli  a  scale,  or  with  such  ahowance  for  the  varyiuf^ 
circumstances  of  difierent  ])()])uhitions,  as  to  justify  dcfiiiit*-  con- 
clusion. Such  as  they  are,  the  resuUs  oo  to  show  that  the  jjioportion 
of  carriers  in  an  ordinary  poj)uhition  is  al)Out  3  or  4  per  1, ()()()  ;  but, 
for  the  reasons  given,  these  figures  cannot  properly  be  regarded  aw 
affording  a  trustworthy  indication  of  the  ti-u(^  ])i'opoi"tion  of  cai-riors 
in  communities  generally. 

Dr.  Ledingham  also  discusses  the  nature  of  the  carrier  state  and 
refers  to  interesting  observations  that  have  been  made  in  this 
connection.  He  cites  statistics  which  show  that,  so  far  as  present 
data  go,  the  chronic  carrier  condition  appears  to  be  much  more 
frequent  in  adult  life  than  in  youth  and  in  the  female  sex  than  in 
the  male  sex.  In  the  latter  connection  he  considers  the  association 
that  has  been  observed  between  the  carrier  state  and  gallstone 
disease,  and  the  apparently  greater  liability  of  women  to  both  these 
conditions. 

A  question  of  practical  importance,  which  Dr.  Ledingham  treats 
with  considerable  detail,  is  that  of  the  possibility  of  effecting  a  cure 
of  the  carrier  condition.  He  gives  an  account  of  many  instances  in 
which  curative  treatment  of  the  carrier,  whether  by  drugs,  vaccines, 
surgical  operation,  or  in  other  ways,  has  been  attem])ted.  It  has  to 
be  confessed  that,  so  far,  the  results  of  such  treatment  have  not  been 
encouraging.  There  would  seem  to  be  somewhat  more  hope  of 
effecting  a  cure  of  the  urinary  carrier  than  of  the  intestinal  carrier  ; 
as  regards  the  latter,  the  prospect  of  success,  in  Dr.  Ledingham's 
view,  is,  save  perhaps  in  the  early  stage  of  the  condition,  extremely 
remote. 

The  measures  that  have  actually  been  taken,  or  that  have  been 
suggested  as  suitable  for  adoption,  with  a  view  to  lessening  the 
danger  of  dissemination  of  enteric  fever  by  carriers,  form  the 
subject  of  the  last  chapter  of  Dr.  Ledingham's  re])ort.  They 
consist,  in  the  first  place,  of  taking  such  action  as  is  likely  to  lead 
to  the  detection  of  carriers  in  the  community,  and,  in  the  second 
place,  of  endeavouring  to  secure,  on  the  part  of  the  carrier,  the 
observance  of  such  precautions  as  are  calculateil  to  minimise  the 
risk  of  his  infecting  other  persons.  Foremost  among  these  stands 
the  necessity  of  the  strictest  ])ersonal  cleanliness,  especially  as 
regards  the  hands.  Safe  disposal  of  the  infectious  excreta  is  also  a 
matter  of  much  importance.  There  is  no  legal  provision  enabling 
the  carrier  to  be  debarred  from  undertaking  what  occupation  he 
pleases,  notwithstanding  the  fact  that  a  carrier  who  is  engaged  in 
the  milk  trade  or  in  the  preparation  or  handling  of  food  may  be  a 
public  danger.  In  the  absence  of  power  to  exclude  the  carrier  from 
such  occupations,  endeavour  should  be  made  to  attain  this  end  by 
persuasion,  and,  in  the  event  of  failure  to  persuade,  to  secure  the 
strict  and  continued  observance  of  every  possible  precaution  on  his 
part. 

THEODORE    THOMSON. 
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CllAPTEJt 


Introductouy. 

Til  the  canijaign  ao-ainst  infectious  (liscascs,  no  knowledge  can 
be  of  i^Toater  impoi-tance  to  the  e))i(leniiolo<rist  than  that  which 
springs  from  a  correct  understandinL':  and  ap|)reciation  of  the 
natural  history  of  the  infective  agents,  whether  bactoriid  or 
protozoal.  It  is  oidj  within  the  hist  decade;  that  tlie  active  (m»- 
operation  of  the  epidemiologist  with  the  bacteriologist  an<l  ])ara- 
sitologist,  has  led  to  a  much  clearer  insight  into  those  factors 
which  influence  the  rise  and  spread  of  epidemic  diseases.  As 
evidence  of  such  fruitful  co-operation,  one  has  oidy  to  cite  the 
progress  which  has  been  made  in  our  knowledge  of  the  spread  of 
malaria,  sleeping  sickness  and  Malta  fever.  When  we  come  to 
those  bacillary  infections  associated  with  disturbances  of  the 
intestinal  tract  (typhoid  fever,  paratyphoid  fever,  dysentery, 
cholera,  &c.),  we  find  that  u])  to  quite  a  recent  period,  most 
attention  was  directed,  and  rightly  so,  towards  rendering  innocuous 
what  were  recognised  to  be  at  least  temporary  harbourers,  if  i.ot 
permanent  hosts,  of  the  bacilli.  These  hosts  were  almost  invariably 
of  inanimate  nature  (water,  soil,  air,  food,  &c.),  but  much  of  the 
evidence  on  which  was  based  the  belief  that  such  hosts  constituted 
permanent  seats  of  vegetation  of  the  infective  agents,  has  now  been 
proved  to  be  erroneous  or  of  an  unconvincing  character.  It  is 
becoming  more  and  more  evident  in  the  case  of  the  diseases  referred 
to,  that  the  main  habitat  of  the  infecting  agent  is  to  be  found  in 
the  animal  organism  itself,  where  it  has  found  a  temporary  or 
prolonged  lodgment. 

In  this  memoir  I  shall  be  concerned  solely  with  the  typhoid 
bacillus  and  its  recently  recognised  property  of  leading  a  sapro- 
phytic existence  in  an  organism  which  may  or  may  not  react  to  its 
presence  in  any  obvious  fashion. 

To  Robert  Koch  (1902)  must  certainly  be  given  the  credit  of 
pointing  out  clearly  the  necessity  of  rendering  the  typhoid  patient 
innocuous  to  those  in  contact  with  him,  by  efficient  disinfection  of 
the  excreta,  both  during  the  disease  and  in  convalescence,  by  careful 
enquiry  into,  and  supervision  of  the  ambulant  and  abortive  cases, 
and  especially  of  those  anomalous  types  met  with  so  frequently 
in  children. 

At  Koch's  recommendation  bacteriological  stations  were  insti- 
tuted in  the  typhoid-ridden  districts,  notably  in  south-west 
Germany,  for  the  purpose  of  testing  in  actual  practice  the  validity 
of  his  dictum  that  the  chief  source  of  typhoid  infection  is  to  be 
found  in  man  himself.  These  institutes  have  proved  fruitful  not 
only  in  helping  to  check  the  further  spread  of  epidemics  already 
arisen,  but  also  in  explaining  the  causation  of  many  epidemics  the 
source  of  which  could  not  be  traced  to  contact  wnth  the  typhoid 
patient,  or  to  other  connnonly  recognised  agencies  of  infection.  In 
fact,  the  discovery  of  the  typhoid-carrier  was  a  natural  se<iuencc  of 
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ilie  systematic  bacteriological  examination  of  the  typhoid  con- 
valescent. That  persons  apparently  quite  healthy  could  harbour 
typhoid  bacilli  after  an  attack  of  the  fever,  emit  them  continuously 
or  periodically  in  the  excreta  and  thus  act  as  potential  sources  of 
infection,  was  a  new  fact  in  the  etiology  of  enteric  fever.  It  had 
certainly  been  demonstrated  several  years  previously  that  the 
typhoid  bacillus  might  remain  for  long  periods  in  the  gall-bladder, 
bone-abscesses  and  other  situations,  but  the  exact  significance  of 
such  finds  from  the  epidemiological  point  of  view  had  not  been 
thoroughly  realised.  Such  findings,  so  far  as  they  concern  us  here, 
will  be  referred  to  in  their  proper  place  {vide  Chap.  VII).  The 
true  typhoid- carrier,  by  which  is  understood  a  person  who  excretes 
the  typhoid  bacillus  continuously  or  intermittently  in  the  faeces  or 
urine,  will  demand  the  greater  part  of  our  attention  in  this  mono- 
graph. 

As  much  of  our  knowledge  of  the  typhoid-carrier  subject  has 
emanated  and  still  continues  to  emanate  from  the  bacteriological 
stations  in  south-west  Germany  it  may  be  well  here  to  refer  briefly 
to  their  constitution  and  scope  of  work. 

In  thus  giving  prominence  to  the  efforts  of  the  hygienists  and 
bacteriologists  in  the  south-west  Germany  campaign,  I  do  not  wish 
it  to  be  implied  that  the  discovery  of  the  carrier-condition  was 
entirely  a  German  product  or  even  that  the  epidemiological  im- 
portance of  the  carrier  was  first  grasped  by  the  Koch  school. 
The  intestinal  carrier — the  most  important  because  the  most 
frequent  type — undoubtedly  came  to  light  as  the  result  of  the 
German  campaign-work ;  but  the  chronic  urinary  carrier — the  much 
rarer,  though  probably  more  dangerous  type — was  known  {vide 
Chapter  X.)  at  least  two  years  before  Koch's  famous  address  in 
November,  1902,  and  in  this  country  Horton-Smith  (1900)  had 
ali-eady  called  attention  to  the  etiological  importance  of  the  latter 
in  his  Goulstonian  lectures  in  1900.  There  can  be  no  question 
however,  that  it  is  to  the  concentrated  efi['orts  of  the  German 
typhoid-campaigners  that  we  owe  the  larger  part  of  our  material 
for  this  new  chapter  in  the  etiology  of  typhoid  fever. 

In  the  fiat  south-western  portion  of  Germany,  typhoid  fever  had 
become  so  prevalent,  particularly  in  the  Regierungsbezirk  Trier,  the 
Bavarian  Pfalz,  and  in  Alsace-Lorraine,  that  a  general  spread  of 
the  disease  by  the  floating  industrial  population  of  this  district  to 
all  parts  of  Germany  began  to  be  dreaded.  On  Koch's  recommen- 
dation an  experimental  typhoid  station  was  planted  at  Trier  in  1903, 
under  the  directorship  of  Frosch.  Such  excellent  service  was 
rendered  by  this  station  in  elucidating  the  spread  of  enteric  fever, 
that  it  was  determined  to  increase  largely  the  number  of  such 
mstitutes  where  co-operative  epidemiological  and  bacteriological 
work  could  be  carried  out.  Full  information  with  regard  to  the 
site,  organisation  and  scope  of  work  of  th3se  stations  is  to  be  found 
in  a  Preface  to  Volume  XXIV.  of  the  Arbeiten  aus  dem  Kaiser- 
lichen  Gesundheitsainte,  and  more  shortly  in  the  Festschrift 
presented  by  the  Im])ei'ial  Board  of  Health  to  the  Berlin  Hygiene 
Congress  of  1907.  Furtiiei-  notes  will  be  found  in  the  individual 
rejwrls  of  the  stations  and  in  the  general  statistical  re])orts  of 
Froscli  (11)07  A),  Schneider  (1907),   Kirchner  (1907),  and  Klinger 


(1900),  whicli  win  be  i'urtlicr  rcfciml  to/      Acconliiitr  to  tlur  hittn- 
tlic3rc^  were  in  existence  and  in  lull   svvinfr   in   the  yciir  1907,  eleven 
sueli  stiitions  with  ;i  staff  of  3,>  h}i('teri()l()«»i.sls  jitt ached  t<»  them. 
The  institutes  were  situated  at  tin;  r()lh)\vin«4  phiees  : — 
I'lier  ~J 

Saarbi-iieken      f  ,,        .        ,     .         .      ,       ,.      .        »  m  • 

<io....i ..,.;.  /^  russian  stations  in  the  district  of  Trier. 

loaaiiouis  1 

Neunkir(;hen     ) 

Kaisersluuteni  )  ,3         •        ^     .  ,      ,,,.  ,      ,. 

T  'ind'iu  >  liavarian  stations  ni  the  rial/  ui-tnct. 

Idar  ...In  the  Fiirstentum  ol   liiikent'eld. 

Strassburi>-         )  t     i  i  1 

H°         >  in  Lower  Alsace, 
agenau  j  ' 

Metz  \  .     . 

Diedenhofen     1 1^^  ^-orraine. 

The  population  of  tins  district  was  about  3,186,000,  distribiiird 
in  3,240  Gemeinden  (communities).  The  folh)win<4-  facts  with  reuani 
to  the  constitution  of  the  stations  have  been  extracted  practically 
verbatim  from  the  official  Congress  Festschrift  above  referred  to 
(pp.  114,  115,  116). 

The  typhoid  stations  are  provincial  establishments.  To  ensmc 
uniformity  of  action  and  co-operation  among  them,  an  *'  Imperial 
Commissioner  for  the  typhoid  campaign  in  the  south-western 
portion  of  the  Empire"  was  appointed  in  November,  1904,  with  his 
headquarters  at  Saarbriicken.  For  Bavaria  a  District  Commis- 
sioner was  entrusted  with  this  duty.  Jn  the  execution  of  his  office 
this  official  would  have  the  assistance  of  the  respective  munici])al 
authorities.  He  has  to  supervise  the  general  hygienic  conditions  of 
his  district  so  far  as  they  may  have  concern  with  the  spread  of 
enteric  (e.c/.,  drinking  water,  sewage  disposal,  housing,  &c.)  and 
point  out  deficiencies  therein. 

For  this  purpose  a  medical  advisory  officer  is  accredited  to  his 
stafF. 

With  regard  to  the  stations,  by  a  special  arrangement  with  the 
Imperial  Administration  and  that  of  the  confederated  States,  a 
definite  line  of  action  or  "reference"  (Dienstanweisung)  has  been 
drawn  up  in  which  it  is  expressly  stated  that  their  chief  task  is  the 
bacteriological  examination  of  suspected  material  from  patients  Avith 
a  view  to  acciu-ate  diagnosis.  The  medical  men  at  these  stations 
are  empowered  to  prosecute  their  enquiries  on  the  spot  in  conjunc- 
tion with  the  official  authorities.  In  searching  out  concealed  eases, 
they  will  have  at  their  disposal  the  police  notifications  of  strangers 
in  the  district,  the  school  absentee  lists,  dispensary  lists,  the  ofiicial 
death  notifications,  the  lists  of  employees  in  manufactories,  &c. 
Further  they  may  derive  information  from  the  clergy,  the  school 
teachers,  and  the  midwives. 

The  aim  of  these  enquiries  is  to  search  out  as  early  as  possible 
all  typhoid  cases  and  carriers,  to  explain  the  source  of  infection  in 
each  case,  to  take  active  measures  against  the  existing  focus  of 
infection,  and  to  prevent  the  further  spread  of  the  disease. 

*  The  organisation  of  the  campaign  and  the  results  achieved  have  been 
dealt  with  recently  by  Lentz  iu  a  i)aper  read  before  the  Section  of  l^acteriology. 
Brit,  Med   Assoc.j  London,  27th  July,  TJIO. 
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Tlie  directors  of  the  stations  have  to  co-operate  with  the  otHcial 
health  officers,  practising  physicians  and  police  and  parish  officials 
and  to  accommodate  themselves  to  the  directions  of  the  local 
authorities.  They  must  keep  themselves  continually  informed  as  to 
the  hygienic  conditions  of  the  district  and  other  conditions  relative 
to  the  occurrence  and  spread  of  enteric  fever. 

Every  three  months  the  Institutes  make  a  report  to  the  District 
Chairman  and  to  the  Imperial  Commissioner,  who  presents  a  return 
to  the  Imperial  Board  of  Health. 

Special  instructions  are  also  given  with  regard  to  notification, 
diagnosis  and  prevention  of  the  spread  of  enteric  fever.  From  these 
I  make  the  following  extracts  : — 

1.  Notification  must  be  made  not  only  of  undoubted  cases  of 
typhoid  fever  but  also  of  cases  suspected  to  be  typhoid  fever. 

2.  In  the  diagnosis  of  the  disease,  the  assistance  of  the  director  of 
tlie  bacteriological  station  as  well  as  of  the  official  health  officers 
should  be  requisitioned.  These  should  have  access  to  the  sick-bed 
so  far  as  the  medical  attendant  considers  advisable  in  the  interests 
of  his  patient. 

3.  Among  the  measures  to  prevent  the  spread  of  the  disease,  the 
removal  of  the  sick  and  of  suspected  cases  is  provided  for.  Persons 
excreting  typhoid  bacilli,  but  who  present  no  symptoms  or  only  slight 
symptoms  of  typhoid  fever  (so  called  Typhus-bazillentrliger),  and 
convalescents  who  are  still  discharging  the  specific  bacilli,  should  as 
far  as  possible  be  dealt  with  as  sick  persons. 

Where  no  legal  right  exists  for  this  purpose,  or  where  for  other 
reasons  (interference  Avith  occupation,  &c^)  such  a  measure  is 
impracticable,  one  should  by  oral  and  written  instructions  urge  upon 
these  carriers  the  necessity  of  disinfecting  their  excreta  and  their 
washing,  and  convince  them  that  by  neglect  of  these  precautions  they 
run  the  risk,  not  only  of  re-infecting  themselves,  but  also  of 
continuously  giving  rise  to  fresh  cases  in  their  vicinity. 

Typhoid  patients  should  be  taken  to  hospital  and  should  be 
isolated  there  until  two  examinations  at  weekly  intervals  demonstrate 
the  absence  of  typhoid  bacilli  from  their  excreta. 

Where  possible,  isolation  should  continue  until  a  third  examina- 
tion, made  after  another  week,  has  proved  negative.  Suspected 
contacts  should  be  kept  under  observation  for  three  weeks,  and,  when 
circumstances  demand  it,  also  examined  bacteriologically. 

In  the  following  chapter  I  shall  deal  Avith  the  general  data 
regarding  carriers,  collected  from  the  reports  of  individual  institutes 
and  official  campaign  statistics  in  Germany  and  other  coiui tries. 
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General  Facts  uegakdinc;  Caiirieks. — A<;i:,  Sex, 

Frequency,  &c. 

The  earlier  efforts  of  the  typhoid  institutes  in  south-west 
(Terniany  contributed  an  enormous  auiouni  of  inforuiation  on  llir 
part  played  in  the  spread  of  typhoid  fever  by  contact  ol'  tlie  aHectcd 
person  with  the  healthy,  and  abundantly  confirmed  the  views 
promulgated  by  Koch.  An  excellent  account  of  the  investigations 
at  Trier  during  the  earlier  months  of  the  cam])aign  is  given  hy 
Frosch  (1903)  and  at  Saarbriicken  by  DrigalskI  (1904).  These 
investigations,  together  with  those  of  Diinitz  (1903)  in  Berlin, 
served  to  illustrate  the  significance  of  atypical  enteric  fever  in 
children,  and  of  the  ambulant,  abortive,  or  completely  unrecognised 
types  of  the  disease.  Although,  however,  contact  infection  from 
the  sick  to  the  healthy  was  a  powerful,  if  not  the  most  powerful 
factor  in  the  spread  of  enteric  fever,  they  found  that  there  was  a 
fairly  large  quota  of  recurrent  outbreaks  of  typhoid  fever,  mostly 
confined  to  isolated  houses  or  groups  of  houses  in  coimtry  districts 
or  streets,  where  no  such  contact  with  an  obviously  sick  person 
could  be  traced.  This  circumstance,  together  with  the  knowledge 
acquired  many  years  before,  that  the  typhoid  bacillus  might  in  cer- 
tain cases  remain  for  long  periods  in  the  body  in  association  with  bone 
abscesses,  cholelithiasis,  &c.,  led  Frosch  to  put  forward  the  suggestion 
that  possibly  in  the  intestinal  tract  also  the  infective  germs  might 
lead  a  saprophytic  existence,  and  by  their  intermittent  discharge 
into  the  outer  world  lead  to  further  infection.  Frosch's  suggestion 
was  a  happy  one,  and  has  been  entirely  confirmed  not  only  by  the 
subsequent  investigations  in  south-west  Germany  but  in  all  countries 
where  the  subject  has  received  attention. 

To  Drigalski  (1903  and  1904)  belongs  the  merit  of  establislung 
on  a  bacteriological  basis  the  hypothesis  put  forward  by  Frosch, 
then  Director  of  the  Typhoid  Commission,  that  the  B.  typhosus 
might  in  certain  cases  lead  a  prolonged  saprophytic  existence  in  the 
human  intestine.  When  he  wrote  the  account  of  his  experiences  at 
Saarbriicken,  this  institute  had  been  in  existence  only  ten  months. 
During  that  time  he  had  been  much  impressed  by  the  repeated 
occurrence  of  enteric  fever  in  certain  houses  and  in  towns  where 
the  sanitary  conditions  appeared  quite  satisfactory.  To  explain 
this  phenomenon  he  had  to  assume  the  possibility  of  a  prolonged 
existence  of  the  typhoid  bacillus  outside  the  body,  but  this  view  he 
very  soon  abandoned  in  consequence  of  the  bacteriological  results 
he  obtained  in  a  series  of  typhoid  cases.  The  stools  in  64  cases  of 
typhoid  fever  wen^   examined    bacteriologically  at   different   times 
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during  the  disease  and  also  during  convalescence  with  the  following 
results  : — 


Time. 

bacilU  present. 

P( 

3rcentage. 

1st. — 5th  day  of 

the 

disease. 

10  cases. 

15-6 

6th.— 10th         „ 

»5 

..       15     „ 

23-4 

11th.— 20th         „ 

J5 

..        21     „ 

33-0 

21st.— 27th         „ 

9J 

8     „ 

11-5 

After  8-10  weeks 

.  ,  ,                     , 

7     „ 

11-0 

After  3  months  an 

d  later 

3     „ 

4-7 

The  longest  time  during  which  the  B.  typhosus  was  demonstrable 
in  the  stools  Avas  14  weeks,  and  in  a  footnote,  referring  to  a  later 
date,  he  observes  that  in  this  particular  case  the  bacilli  were  still 
present  at  the  end  of  nine  months  when  they  formed  50-60  per  cent, 
of  the  total  flora.  This  case  would,  therefore,  constitute  the  first 
recorded  chronic  carrier  traced  from  convalescence  onwards.  He 
was  also  further  successful  in  discovering  a  chronic  carrier  in  the 
person  of  a  Hausfrau  who  apparently  had  never  sutFered  from 
typhoid  fever. 

Some  of  these  facts  which  had  been  detailed  a  few  months 
previously  by  Drigalski  at  a  scientific  meeting,  together  with 
certain  parallel  observations  on  convalescent  urinary  carriers  made 
by  D()nitz  (1903)  in  Berlin,  had  afforded  a  reasonably  strong 
foundation  for  the  hypothesis  formulated  shortly  afterwards  by 
Frosch. 

Before  proceeding  to  detail  the  systematic  bacteriological  in- 
vestigations which  have  enriched  our  knowledge  of  the  carrier 
question,  it  may  be  well  to  refer  briefly  to  the  facts  which  have 
accumulated  regarding  the  excretion  of  typhoid  bacilli  by  the 
typhoid  patient  during  the  course  of  the  disease. 

In  the  first  place  with  regard  tr)  the  faeces,  it  would  now  appear 
that  the  proportion  of  instances  in  which  the  typhoid  bacillus  may 
be  detected  in  the  faeces  at  one  or  another  stage  of  the  disease 
depends  almost  entirely  on  the  degree  of  efficiency  of  the  bacterio- 
logical methods  in  current  use.  I  have  already  referred  to  the 
earlier  data  of  Conradi  whose  highest  percentage  (viz.,  33  per  cent. 
in  a  series  of  64  cases)  was  obtained  during  the  third  week  of  the 
disease,  whereas  in  the  first  five  days  only  15*6  per  cent,  were 
positive.  Much  higher  values  than  these  have  been  recorded  of  late. 
Brion  and  Kayser  (1906)  examined  a  series  of  144  cases  during 
the  febrile  period  with  the  following  results  : — 

1st  week.     Cases  examined  22.     Positive  7   =   32  per  cent. 

2rid     „  „  „         51.  „        18   =   35 

3rd      „  „  „         71.  „       31   =45         „ 

Bohne  (1908)  examuied  27  cases, -and  obtained  the  highest  per- 
centage during  the  fourth  week,  but  his  series  is  too  small  for 
statistical  j)urposes. 

1st  week.     Cases  examined     2.     Positive  0   = 
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By  tlie  aid  of  (lie  more  rticciiLly  introduced  jncdia  Choo  Ch}i|)ter 
XI.),  Gaolitgons  and  Uriickntu-  (IIHO)  have  ol>taincd,  in  a  nvnan 
of  72  cases,  the  f'olhjvvin^-  results  wliich  may  be  eonsidercd  the  licHt 
attainable  at  the  present  time  : — 

1st  week.  Cases  examined  21. 

2nd     „  „              „         32. 

3rd      „  „              „          13. 

4th      „  „              ,,            4. 

'^^th      „  „              „            2. 

To  summarize,  in  about  75  to  SO  per  eent.  of  ty|)hoid  ca-c- 
examined  during  the  third  week,  tyi)hoid  bacilli  are  demonstrable 
in  the  faeces,  and  it  is  not  unlikely  that  with  further  improvements 
in  technique  a  still  higher  percentage  will  be  obtained.  I  liave  not 
alluded  to  the  demonstration  of  typhoid  bacilli  in  the  faeces  durinir 
the  incubation  stage,  but  it  is  important  to  remember  that  in  not  a 
few  instances  (Mayer,  G.  (1903),  Conradi  (1907),  Prigge  (1909),  ikc..\ 
the  discharge  of  the  specific  micro-organisms  at  this  early  period 
has  been  proved  beyond  all  doubt. 

With  regard  to  the  urine,  the  isolation  of  typhoid  bacilli,  if 
present  in  this  fluid,  is,  as  a  rule,  a  simple  mattei-.  Most  observerK 
are  agreed  that  in  about  25  per  cent,  of  all  cases  of  typhoid  fever 
it  is  possible  to  demonstrate  the  bacilli  in  the  urine.  They  appear 
generally  in  the  later  stages  of  the  disease,  after  defervescence 
(Herbert  (1904)),  or  in  late  convalescence,  but  they  have  also  been 
found  frequently  at  the  period  of  eruption  of  the  rose  spots. 
Further  data  on  this  subject  will  be  found  in  the  Chapter  on 
Urinary  Carriers. 

I  now  pass  to  the  consideration  of  Lentz'  (1905)  results  obtained 
in  the  course  of  his  examination  of  typhoid  convalescents,  at  his 
institute  in  Idar.  Out  of  400  convalescents  Lentz  reported  that 
six  continued  to  excrete  the  bacillus  for  a  longer  period  than  10 
weeks,  dating  from  the  beginning  of  the  disease  or  from  the 
beginning  of  a  relapse.  None  of  these  six  cases,  however,  continued 
to  be  infective  for  a  longer  period  than  13  months,  when  repeated 
examination  showed  that  the  excreta  were  typhoid  free.  There 
was  thus  an  apparent  late  cure  in  the  bacteriological  sense,  but  as 
we  shall  subsequently  show,  such  "cures"  must  be  regarded  with 
great  caution. 

Though  these  six  persons  ultimately  became  typhoid  free,  12 
others  did  not  rid  themselves  of  the  bacilli  once  they  reached  the 
chronic  stage.  The  total  percentage  of  carriers  in  Lentz'  series 
was  therefore  4*5  (1*5  per  cent,  temporary  carriers  and  3  per  cent, 
chronic  carriers). 

The  fact  that  these  chronic  carriers  had  been  traced  from  the 
primary  infection  onwards,  led  Lentz  to  investigate  all  relatives 
and  other  persons  who  had  been  in  association  with  typhoid  patients 
as  well  as  those  persons  who  in  previous  years  had  surt'erod  from 
typhoid  fever.  Twenty-two  carriers  were  discovered  by  this 
method,  19  of  whom  were  females  and  three  males.  The  general 
health  of  the  majority  of  these  carriers  was  good,  but  three  of  the 
females  developed  gallstone  disease,  as  was  proved  by  the  excretion 
of  small  stones  in  the  faeces. 
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It  is  not  possible  to  obtain  accurate  data  regarding  the  previous 
history  of  every  person  who  is  discovered  to  be  a  carrier.  As  we 
shall  see  later,  a  large  proportion  of  these  carriers  have  not  been 
found  to  present  a  history  of  known  typhoid  infection.  Others 
ngain  are  able  to  supply  data  which  at  least  suggest  that  they  may 
have  previously  suffered  from  some  form  of  ambulant  or  abortive 
typhoid  fever,  while  others  have  been  traced  to  the  chronic  stage 
right  from  the  primary  infection.  Different  terms  have  been 
employed  by  different  authors,  in  the  classification  of  carriers,  but 
all,  in  the  absence  of  further  knowledge,  must  be  considered  somewhat 
artificial. 

Conradi  (1907)  adopted  the  classification  of  Primary,  Secondary, 
and  Tertiary  carriers.  To  the  first  group  (Primary)  belong  those 
carriers  in  whom  the  infection  has  not  led  to  the  occurrence  of 
symptoms  of  enteric  fever.  In  this  group  Conradi  includes  those 
cases  in  which  the  excretion  of  typhoid  bacilli  has  been  found  to 
take  place  during  the  incubation  stage.  The  facts  relating  to  this 
group  ^nll  be  fully  discussed  later. 

To  the  second  group  (Secondary  carriers)  belong  those  who, 
having  been  attacked  by  enteric  fever,  continue  to  pass  the  bacilli  for 
some  time  beyond  a  period  of  ten  weeks  from  the  commencement  of 
the  attack. 

Out  of  400  typhoid  convalescents,  Conradi  got  22  secondary 
carriers  (5' 5  per  cent.     Compare  Lentz'  figure  of  1*5  per  cent). 

To  the  third  group  (Tertiary)  belong  those  who  continuously  pass 
the  bacilli  after  the  primary  attack.  Two  tertiary  carriers  out  of 
400  convalescents  were  found  by  Conradi  (equals  0*5  per  cent. 
Compare  Lentz'  figure  of  3  per  cent.). 

This  classification  of  Conradi's  is  not  to  be  recommended  as  the 
terms  employed  raise  no  clear  idea  in  the  mind  as  to  the  conditions 
they  connote. 

Sacquepee  (1910)  has  recently  suggested  a  more  intelligible  classi- 
fication of  carriers,  thus  : — 

Group  I.  Forteurs  jwecoces  (precocious  carriers),  ue.^  those 
who  have  taken  the  typhoid  bacillus  into  the  system  but  who 
as  yet  do  not  present  any  symptoms  of  infection.  This  group 
^  would  consist  only  of  carriers  in-  the  incubation  stage. 
Group  II.  Persons  who  have  recovered  from  typhoid  or  some 
typhoid-like  infection,  but  who  continue  to  excrete  the  bacillus 
whether  for  a  short  or  for  an  indefinite  period. 

Sub-group     A.     Porteurs      convalescents^    in    whom     the 
^  excretion  ceases  before  the  end  of  the  third  month, 
bub-group  B.     Porteurs  chronhiues^  in  whom  the  excretion 
lasts  for  an  indefinite  period, 
(jroup    111.     Porteurs  sains  or  porteurs  paradoxaux,  i.e.^  those 
who  have  never  had  symptoms  of  typhoid  fever,  but  who  may 
excrete  the  bacillus  over  an  indefinite  period. 
It  will  be  seen  that  the  primary  carriers  of  Conradi   include  both 
the  precocious  and  the  paradoxical  carriers  of  Sacquepee. 

There  is  no  doubt  that  this  classification  by  Sacquepee  is  a  fairly 
comprehensive  one,  but  a  sliarj)  line  of  demarcation  cannot  always 
be  drawn  between  (iroup  \.  and  (iroup  III.  ;  and  probably  many 
of  the  so-called  jmradoxical  carriers  would  be  found  to  fall  into  the 
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cate«^'()i*y  ot"  the  convalosceiil  or  cliroiiic  cjirricrs  IC  -ulliciciit  details* 
as  to  their  previous  history  were  avjiiljible. 

For  ordinary  descriptive  purposes  we  shall  find  that  the  tcnng 
"  temporary  "  (or  transitory)  and  "  clironic  ''  carriers  are 
sufficiently  explicit  to  denote  the  two  ^'reat  <j:roups  with  which  we 
have  to  deal.  Accordin^i;  to  current  (jcrman  usa^^e,  convalcsccntH 
who  excrete  the  typhoid  bacilli  for  not  more  than  three  months  after 
the  beginning  of  the  disease  are  called  lUiiillrnfri'if/cr  for,  shortly, 
transitory  carriers),  while  those  who  excrete  the  bacilli  for  more 
than  three  months  are  called  Daucrtri'u/er  (or  chronic  carriers). 

In  the  course  of  this  survey  we  shall  find  that  very  important 
differences  exist  between  these  two  great  groups  of  convalescent 
carriers. 

Having  dealt  with  the  figures  of  Lentz  and  Conradi,  T  now 
proceed  to  consider  further  data  concerning  the  frequency  of 
carriers. 

Klinger  (1906)  of  the  Strassburg  station  instituted  a  bacteno- 
logical  examination  of  healthy  persons  living  in  the  neighbourhood 
of  actual  typhoid  cases.  1 ,700  such  persons  were  examined,  with  the 
result  that  15  carriers  were  found  during  the  period  1st  July,  1903, 
to  31st  March,  1905.  These  carriers  were  of  all  ages  from  18  months 
to  60  years,  and  as  to  sex,  seven  were  females  and  eight  males.  Of 
these  15  carriers,  11  had  no  clinical  symptoms  either  before  or  after 
finding  the  bacilli.  In  nine  of  these  11  carriers  the  bacilli  were 
found  only  on  one  occasion,  but  in  the  remaining  two  they  were 
found  three  times  in  the  course  of  a  fortnight.  All  subsequent 
examinations  were  negative.  Thus  one  might  provisionally  apply 
the  term  of  "  temporary,"  or  as  Klinger  suggested,"  acute,''  to  these 
11  cases  (they  were  six  males  and  five  females).  The  other  four 
carriers  were  of  the  chronic  type  (two  males  and  two  females).  One 
had  had  enteric  thirty  years  before,  a  second,  10  years  before, 
while  the  remaining  two  were  lunatics  as  regards  whose  previous 
illnesses  no  trustworthy  information  was  available. 

Klinger  also  gives  a  report  of  the  examination  of  482  cases  of 
typhoid  during  convalescence  (at  the  Strassburg  station).  Fifty-five 
or  11*4  per  cent,  of  these  excreted  typhoid  bacilli  during  convales- 
cence, but  not  for  a  longer  period  than  six  weeks  after  defervescence, 
2.e.,  temporary  carriers.  Eight,  however,  contimied  to  excrete  the 
bacillus  beyond  this  period  and  thus  fell  to  be  reckoned  as  chronic 
carriers  (=  1*7  per  cent.). 

In  a  later  communication  Klinger  (1907)  notes  that  of  604 
convalescents  examined,  he  had  found  80  temporary  carriers  (70  or 
11*6  per  cent,  intestinal  and  10  or  1*7  per  cent,  urinary).  Six  cases 
only  or  1  per  cent,  became  chronic  carriers.  He  states  that  the 
temporary  urinary  carriers  were  all  cured  by  urotropin. 

Another  interesting  series  is  reported  by  Kayser  (1907),  also  of 
the  Strassburg  station.  This  author  initiated  a  late  control 
examination  of  the  typhoid  convalescents  who  had  pi-cviously  been 
discharged  as  typhoid-free  during  the  period  summei-,  1903,  to 
summer,  1905.  This  late  control  examination  took  place  after  the 
lapse  of  at  least  one  year.  The  potential  material  for  this  test  was 
217  cases,  but^  he  was  able  to  recover  samples  of  stools  and  urine 
from  101    persons    only   (=  about  46  per    cent,   of  the    survivors) 
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(33  men,  47  women,  and  21  children).  There  had  been  248  cases 
treated,  but  29  of  these  had  died.  Of  the  remaining  219,  one  had 
died  of  another  disease,  and  one  had  committed  suicide.  The  result 
of  this  late  examination  was  that  three  more  carriers  were  discovered 
(two  females  and  one  male).  In  the  previous  year  he  had  examined 
in  conjunction  with  Brion  (Brion  and  Kayser,  1906),  the  faeces  of 
200  convalescents  and  obtained  a  carrier  percentage  of  1*5.  To 
show  the  importance  of  this  late  control  test,  the  bacteriological 
findings  in  two  of  Kayser's  cases  may  be  quoted  : — 

Female  (40  years)  July,  1904  ...  ...  Primary  attack. 

Aug.,  1904,  2  exams.     ...  Negative. 

Oct.  4,  1905        Negative. 

Dec.  7,  1905       Positive. 

Jan.  18,  Feb.  17,  Mar.  9,  i906  Negative. 

Female  (2G  years)  Aug.,  1904  ...          ...  Primary  attack. 

Sept.  23,  1904 Positive. 

Oct.  1,  1904        Negative. 

Dec.  7,  1905        Positive. 

Jan.  18,  1906      Positive. 

May  14,  1906     Negative. 

In  these  two  cases,  therefore,  the  routine  bacteriological  tests 
made  in  early  convalescence  and  before  discharge,  had  proved 
inefficient  owing  to  marked  intermittency  in  excretion.  This  diffi- 
culty is  a  very  serious  one  and  militates  greatly  against  any 
reasonably  practicable  system  of  bacteriological  supervision  before 
discharge.  By  this  late  control  method,  Kayser's  percentage  of 
convalescent  carriers  was  raised  from  1*5  per  cent,  to  3  per  cent,  or 
5  per  cent.  I  shall  have  occasion  to  refer  again  to  the  question  of 
enormously  prolonged  intermittency  in  convalescent  carriers. 

A  more  recent  report  by  Bruckner  (1910)  on  a  similarly  con- 
ducted investigation  at  the  Strassburg  Institute,  show^s  clearly  the 
necessity  of  the  late  control  examination  of  typhoid  convalescents. 
Kayser's  material  was  derived  from  the  town  of  Strassburg  only, 
while  Brilckner  also  included  four  suburbs  of  Strassburg  and  eleven 
other  townships  belonging  to  his  campaign  district.  The  potential 
sources  of  material  were  566  persons  who  had  had  enteric  fever  in 
previous  years.  Of  these  it  was  found  that  45  (i.e.,  8  per  cent.)  had 
died  and  170  (i.e.,  30  per  cent.)  had  removed  elsewhere  or  were  not 
discoverable.  There  were  thus  left  351  persons,  and  only  35  of 
these  (i.e.,  9*9  per  cent.)  declined  to  supply  material  for  examination. 
This  percentage  would  have  been  still  lower  had  it  not  been  for  one 
small  township  in  which  21  recovered  typhoid  cases  resided,  of 
whom  12  (i.e.,  57  per  cent.)  refused  specimens.  Briickner  remarks 
that  this  low  percentage  of  refusals  is  an  index  of  the  public  appre- 
ciation of  the  efforts  of  the  typhoid-stations.  Among  the  316 
])crsons  whose  excreta  were  examined  12  carriers  were  found 
{  =  3*8  per  cent.),  viz.,  nine  typhoid  carriers  and  three  paratyphoid 
(B)-carners.  Of  these  316  persons  104  were  children  (under  15 
years)  and  212  were  adults  (over  15  years).  One  carrier  belonged 
to  the  former  grouj)  and  11  carriers  belonged  to  the  latter 
group.  The  proportion  of  carriers  among  adults  was  therefore 
5*2  per  cent, 
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1  jvppeiul  the  following'  hiiof  facts  with  ic^^Mid  to  ili«-  imiividuul 
tjplioid  carriers,  as  they  show  liow  iinj)ort:iJil  this  (inestion  of 
intcrmitteney  lias  hectomc  : 

1.  Frail  L.  Had  typlioid  lever  in  summer,  lii()(i.  lijil,  Juiie, 
faeces  positive,  urine  negative.  27th  .hily,  faec^es  po.^itive, 
urine  positive.  1st  Aui^ust,  faeces  ne^^ative,  urin(;  poHitive. 
13th  Auo'ust,  faeces  negative,  urine  positive.  Further  exami- 
nations'on  17th,  21st,  27th  Au^^ust,  and  17th  October,  1  !)()!*,,  were 
negative  and  Fran  L.  was  registered  as  "  bacteriologically  cured." 
Now,  in  1908,  typhoid  bacilli  have  been  repeatedly  found  in  her 
faeces,  and  once  in  her  urine. 

2.  Herr  L.  Had  typhoid  fever  in  summer,  lOOG.  During  the 
period  September,  1906,  to  April,  1907,  he  was  regarded  as  a  carrier, 
but  as  three  negative  examinations  followed  on  7th  .lune,  2.'^rd 
September  and  27th  October,  1907,  he  was  stru(;k  oH'the  list.  Now 
on  11th  December,  loth  December,  1908,  and  2nd  January, 
23rd  January  and  20th  March,  1909,  he  is  found  to  be  discharging 
typhoid  bacilli. 

3.  Male  (58  years).  Had  typhoid  fever  in  1880  and  was  found 
to  be  a  carrier  in  1906.  The  discharge  was  found  to  be  intermittent, 
but  as  the  result  of  eight  successive  negative  examinations,  he  was 
struck  off  the  list  in  October,  1906.  He  is  now  actively  discharging 
typhoid  bacilli. 

4.  Female  (32  years).  Had  typhoid  fever  in  October,  1906. 
Discharged  as  " bacteriologically  cured"  after  three  negative 
examinations.     Now  her  stools  are  positive  (March,  1909). 

5.  Female  (16  years).  Had  typhoid  fever  in  1906,  and  was 
discharged  as  typhoid-free.  In  February,  1909,  her  stools  were 
found  to  contain  typhoid  bacilli.  It  was  of  interest  that  a  sister  of 
this  case  had  also  had  typhoid  fever  about  the  same  time  in  1906, 
and  had  been  a  transitory  carrier.  The  latter,  however,  is  now 
(March,  1909)  negative. 

6  and  7.  Two  brothers  (18  and  24  years)  had  ty])hoid  fever  in 
1898.     Now,  in  1909,  both  are  found  to  be  carriers. 

8.  Frau  R.  (49  years).  Had  typhoid  fever  in  1899.  Now  found 
to  be  a  carrier  (March,  1909). 

9.  Male  (31  years).  Had  typhoid  fever  in  1907  but  was  dis- 
charged as  "bacteriologically  cured."  On  19th  November,  1908, 
his  stools  contained  typhoid  bacilli. 

In  this  list  there  are  five  males  and  four  females — a  relative  i»ro- 
portion  which  is  at  variance  with  the  usual  experience.  It  has  to  he 
noted,  however,  that  two  of  the  males  had  already  been  known  as 
carriers  but  had  been  struck  ofl' the  list  owing  to  repeated  negative 
tests.  Also  in  the  two  brothers  (6  and  7)  bacilli  were  found  on  one 
occasion  only,  while  in  No.  9  one  examination  only  was  possible. 
Further,  in  the  male  cases  (with  exception  of  2  and  3),  bacilli  were 
as  a  rule  very  scarce,  while  in  the  female  cases,  they  were  being 
discharged  in  enormous  numbers.  Moreover,  account  has  to  be 
taken  of  the  smallness  of  the  series  (viz.,  9)  at  Briickner's  disposal. 
Such  small  series  are  of  Httle  value  for  statistical  purposes. 

Perhaps  the  most  thorough  bacteriological  investigation  of 
typhoid  convalescents  hitherto  reported  has  been  carried  out  by  tlic 
Central  Research  Institute  at  Kasauli  in   India,  under  the  direction 
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of  Lieut.-Col.  Semple  and  Captain  Greig,  with  the  assistance  of 
Lieut.-Col.  Thomson,  Captains  Harvej,  White,  Hodgson  and 
Assist.-Surg.  Paras  Ram.     (Semple  and  Greig  1908.) 

This  enquiry  was  set  on  foot  in  1906  with  the  object  of  elucidating 
the  incidence  and  spread  of  typhoid  in  the  Indian  cantonments,  and 
one  of  the  main  problems  attacked  was  the  duration  of  the  typhoid 
bacillus  within  the  human  host.  Numerous  observations  were  also 
made  on  the  viability  of  the  bacillus  outside  the  human  body,  in 
urine,  faeces,  articles  of  clothing,  &c.,  and  the  conclusion  was  arrived 
at  that  under  natural  Indian  conditions  its  saprophytic  existence 
outside  the  human  host  was  a  remarkably  short  one — a  view  which 
practically  all  modern  work  on  this  subject  substantiates.  In  the 
case  of  convalescents  the  observers  were  not  content  with  the 
prescribed  German  routine  of  two  or  three  final  examinations  (at 
intervals  of  ten  days  after  defervescence)  of  the  excreta  before 
discharge.  All  their  convalescents  were  examined  daily  and  many 
of  the  cases  also,  throughout  the  febrile  period  as  well,  until  the 
excretion  of  the  bacillus  either  ceased  spontaneously  or  became 
chronic.  In  their  report  issued  in  1908  they  note  that  86  convales- 
cents had  been  examined  at  the  Kasauli  depot,  with  the  result  that 
no  fewer  than  ten  persons  were  found  to  be  excreting  typhoid  bacilli 
in  the  urine  or  faeces  for  periods  longer  than  six  weeks  after 
defervescence.  This  gives  the  very  high  percentage  of  11*6  of 
chronic  carriers  (taking  the  three-month  limit  and  over  as  the  test 
for  the  "  Chronic "  category).  This  is  undoubtedly  the  highest 
percentage  so  far  recorded  and  may  probably  be  attributed  in  great 
measure  to  the  elaborate  routine  by  which  it  was  scarcely  possible  to 
overlook  an  intermittent  carrier.  In  civil  conditions  certainly, 
methods  equally  thorough  would  be  impossible  in  practice. 

Semple  and  Greig  were  working  with  a  more  or  less  homogeneous 
population,  viz.,  adult  males  of  a  definite  age-group.  In  order  to 
determine  whether  this  fact  would  in  some  measure  account  for  the 
high  percentage  of  carriers,  I  have  taken  the  accumulated  statistics 
of  Klinger  for  the  German  campaign  and  determined  whether  in 
the  age-group  23-45  it  would  be  possible  to  obtain  a  percentage  of 
10  carriers  in  a  small  sample  of  80  convalescents.  The  chances  of 
this  happening  worked  out  at  less  than  one  in  a  billion,  and  one 
must,  therefore,  conclude  that  the  high  percentage  they  obtained 
was  most  probably  due  to  the  thorough  routine  they  adopted. 

At  the  close  of  Semple  and  Greig's  report  is  a  series  of  tables  in 
which  the  results  of  the  daily  examinations  of  18  convalescents  are 
detailed.  These  tables  are  worthy  of  careful  study,  as  they  show 
how  readily  intermittent  carriers  may  be  overlooked  by  a  routine, 
limited  to  three  or  four  examinations  during  the  six  weeks  following 
defervescence.  An  extremely  interesting  feature  is  the  large 
proportion  of  cases  in  which  a  prolonged  excretion  of  ty])hoid  bacilli 
by  the  urine  took  place  in  addition  to  the  more  common  and  better 
known  form  of  excretion  by  the  faeces.  As  a  rule,  however,  the 
bacilluria  ceased  spontaneously  after  a  time  (without  the  aid  of 
urotropin,  which  in  Semple  and  Greig's  experience  proved  of  little 
or  no  value  as  an  inhibiting  agent),  while  the  faeces  remained  either 
continuously    or   intermittently    infective.      These   tables    arc    too 
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Case 
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Case 

G. 

Case 
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Case 
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Case 

9. 

Case  10. 

Case  11. 
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lengthy  for  reproduction  here,  l)ut  the  following  sumnmry  may  be 
of  interest  : 

Defervescence    8  Juno,  1007.     Bacilluria  ceased  1  Oct.,    l'.>07. 

Faeces  positive  on  25  Nov.,  ,. 

„  26  June,     „         Bacilluria  ceased  30  Aug.,  „ 

Faeces  always  negative. 

,,  8  July,      ,,         Bacilluria  ceased  8  Sept.,  „ 

Farces  positive  21  Oct., 

,,  14  May,      ,,         Bacilluria  ceased  24  July.  ., 

Faeces  always  negative. 

„  22  Aug.,      ,,         Bacilluria  ceased  2  Oct.,  ,, 

Faeces  positive  8  Nov.,  „ 

„  22  May,      ,,         Bacilluria  ceased  2  Sept.,  ,, 

Faeces  positive  10  Sept.,  „ 

„  17  Aug.,     ,,         Bacilluria  ceased  16  Sept.,  „ 

Faeces  positive  10  Nov.,  „ 

„  21  Aug.,     ,,        Urine  positive  12  Nov.,  „ 

Faeces  positive  12  Oct.,  ., 

,,  10  June,     ,,        Urine  positive,  29  Sept.,  ,, 

Faeces  positive  15  Sept.,  „ 

„  4  Sept.,      „         Bacilluria  ceased  12  Sept.,  ,, 

Faeces  positive  18  Nov.,  „ 

„  30  June,      ,,        Bacilluri  ceased  17  Sept.,  „ 

Faeces  positive  28  Sept.,  „ 
(?  ceased) 
Case  12.                „            20  Sept.,      „         Bacilluria  (?  ceased  6  Oct.),  „ 

Faeces  positive  15  Nov.,  ,. 

The  daily  observation  of  these  cases  extended  over  a  period  of 
less  than  six  months  in  each  instance.  It  will  be  of  interest  to 
know^  from  further  reports  what  proportion  of  these  intestinal 
carriers  continued  to  excrete  the  typhoid  bacillus  indefinitely  in 
their  faeces,  and  whether  a  recrudescence  of  the  bacilluria  occurred 
at  a  later  period. 

In  addition  to  this  complete  examination  of  convalescents,  an 
examination  was  also  made  of  nursing  orderlies  who  had  been  in 
attendance  on  typhoid  cases.  Four  of  these  were  examined  over  a 
long  period  after  they  had  finished  their  course  and  were  about  to 
return  to  their  regiments.  ISlone  of  them  ever  suffered  from  enteric 
fever  in  a  typical  form.  Two  of  the  men,  however,  were  found  to 
be  excreting  typhoid  bacilli  in  their  faeces.  Such  cases  (probably 
"transitory"  carriers  or  so-called  "acute"  carriers  of  Klinger)  are 
of  great  importance  from  the  epidemiological  point  of  view,  and 
there  is  abundant  evidence  that  a  proportion  of  these  may  pass  into 
the  chronic  stage. 

In  a  more  recent  report  on  army  carriers  in  India  by  Aldridgo 
(1909)  it  is  noted  that  of  190  men  whose  excreta  were  examineil, 
six  were  found  to  be  discharging  the  bacilli  more  than  six  months 
after  defervescence,  i.e.,  3*1  per  cent,  of  the  convalescents.  These 
were  all  invalided  to  England,  and  further  examinations  in  this 
country  yielded  positive  results  up  to  8,  12,  16  and  18  months.^ 

An  extensive  enquiry  into  an  outbreak  of  enteric  fever  affecting 
the  71st  regiment  of  infantry  at  the  Saint-Brieuc  garrison  in 
Summer  190^9,  has  yielded  further  evidence  showing  the  enormous 
importance  of  the  atypical  and  unrecognised  cases.  The  outbreak 
has  been  reported  fully  in  all  its  aspects,  epidemiological,  clinical 
and  bacteriological  by  Billet,  Le  Bihan,  &c.  (19:0).  Briefly,  tlic 
source    of   infection    was    stated    to    have    been    in    all    probability 
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contaminated  cider,  but  the  chief  interest  of  the  enquiry  at  least  in 
connexion  with  the  subject  of  this  chapter,  centres  round  the 
bacteriological  findings. 

There  were  treated  in  hospital  142  cases,  viz,  :  33  very  severe, 
72  moderately  severe,  37  benign,  with  a  total  mortality  of  13 
or  9  per  cent. 

Blood  cultures  were  made  in  74  cases  during  the  first  week  of  the 
disease  with  57  positive  results.  Widal  examinations  were  done 
in  43  cases  about  the  end  of  the  third  week,  with  40  positive  results. 
The  faeces  were  examined  in  129  cases  at  the  end  of  35  days  after 
entering  hospital,  with  15  positive  results,  i.e.^  11*6  per  cent. 

In  addition,  a  careful  clinical  examination  was  made  of  all  suspects 
in  the  regiment,  who  showed  the  slightest  symptoms  of  indisposition, 
and  a  surprising  proportion  of  these  was  found  to  give  either  positive 
Widal  tests  or  typhoid  bacilli  in  the  faeces.  The  clinical  histories 
of  these  atypical  or  ambulatory  cases  are  of  great  interest  as 
showing  how  insignificant  the  clinical  manifestations  of  typhoid 
infection  may  be.  Of  57  such  cases  examined,  14  only  showed  a 
rise  of  temperature  lasting  three  to  five  days,  seven  lasting  two  days, 
while  the  majority  (34)  showed  complete  apyrexia.  Some  were  out 
of  sorts  for  several  weeks  while  others  returned  to  their  normal 
condition  after  only  a  few  days'  indisposition.  In  eight  cases,  con- 
stipation was  the  only  symptom,  while  in  15,  headache,  furred  tongue 
and  loss  of  appetite  were  the  predominant  symptoms.  Diarrha3a 
rarely  occurred  alone,  being  generally  accompanied  by  swelling  of 
the  spleen,  and  sometimes  rose-spots. 

Other  symptoms  complained  of  in  individual  cases  were  stiff  neck, 
angina  and  "  rheumatic  "  pains.  The  bacteriological  results  in  these 
cases  were  as  follows  : — 

Cultures  were  made  of  the  blood  of  39  suspects  with  seven 
positive  results,  also  of  53  men,  who  lived  in  rooms  where  typhoid 
cases  had  been  most  numerous,  with  one  positive  result.  The  stools 
were  examined  in  64  atypical  cases  with  13  positive  results,  z>., 
20*3  per  cent.,  whereas  the  percentage  of  convalescent  carriers  was 
only  11*6  per  cent,  {see  above).  There  is  no  record  of  repeated 
examinations  having  been  made  in  these  cases,  but  the  results  are 
sufficient  to  show  the  important  part  which  unrecognised  cases  may 
])lay  in  the  spread  of  enteric  fever.  As  Semple  and  Greig  had 
found  in  their  investigations  that  nursing  orderlies  were  particularly 
liable  to  act  as  transitory  carriers,  so  also  in  this  French  garrison 
a  large  number  (11*4  per  cent.)  of  "  Infirmiers "  showing  only 
ephemeral  symptoms  of  the  disease,  were  discharging  typhoid 
bacilli  in  their  stools.  Also  the  conductor  of  the  ambulance  in 
which  the  typhoid  cases  were  conveyed  to  hospital,  gave  a  positive 
Widal  reaction  and  positive  stools,  although  he  appeared  to  be  an 
absolutely  healthy  individual. 

Tsuzuki  (1910)  records  the  results  of  an  enquiry  into  the  question 
of  convalescent  carriers  in  a  division  of  the  Japanese  Army.  The 
circumstances  which  gave  rise  to  the  investigation  will  be  found 
detailed  in  Chai)ter  VI.  The  bacteriological  part  of  the  work 
appears  to  have  been  carried  out  with  great  thoroughness,  the  tests 
being  made  practically  every  day  during  convalescence.  The  result 
was  that  three  out  of  51   convalescents  in    hospital   continued  to 
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discharp^e  typhoid  bacilli  beyond  the  three  month  limit,  /./•.,  carrier 
percentafi^e  of  5*8. 

Further,  a  laro-c  number  of  examinationn  was  carried  diiI  on 
(1)  persons  known  to  have  had  enteric  ])reviously  ;  (2)  healthy 
persons  belonging  to  a  company  in  which  a  recent  case  of  enteric 
had  occurred  ;  (3)  persons  occuipied  in  the  canteen.  In  all  5,109 
examinations  were  made  of  2,785  persons,  with  the  following 
results  : — 


Known 
previous 
infection. 


No  known 
previous 
infection. 


Total. 


Number  of  persons  examined 
Number  of  carriers  found 
Percentage  of  carriers 


316 

6 
1-89 


2,469 
2 

0-08 


2,785 

8 
0-28 


The  particulars  with  regard  to  the  investigation  of  these  11 
carriers  are  of  interest,  and  I  append  the  following  brief  notes  : — 

Convalescents  of  1908  who  became  Carriers. 

A.  Fell  ill  9th  June,  1908.  Fever  lasted  21  days.  Bacilli 
present  in  faeces  with  few  intermissions  up  to  26th  December,  when 
he  was  discharged  from  service. 

B.  Fell  ill  26th  February,  1908.  Faeces  positive  on  19th  July, 
but  further  examinations  up  to  3rd  October  negative,  when  he  was 
released  from  isolation. 

C.  Fell  ill  21st  September,  1907.  Relapse  on  13th  January,  1908. 
Urine    positive    on    13th    April,    but    further    examinations    up    to 


23rd  June  negative. 


Faeces  negative. 


Released  from  isolation. 


Carriers  who  Contracted  their  Primary  Infection  in 

1907. 

1.  Fell  ill  2nd  September,  1907.  Faeces  positive  on  17th  April, 
1908  and  on  every  subsequent  examination  up  to  17th  October,  1908, 
when  he  was  discharged  from  duty.  The  urine  was  also  repeatedly 
positive  up  to  this  time. 

2.  Fell  ill  2nd  September,  1907.  Urine  found  to  be  positive  on 
17th  April,  1908  and  on  all  subsequent  occasions  up  to  17th  October, 
1908,  when  he  was  discharged  from  active  service.  The  faeces 
were  never  positive.     Urotropin  had  little  or  no  effect. 

3.  Fell  ill  17th  July,  1907.  Faeces  positive  on  8th  June,  1908 
and  with  slight  intermissions  up  to  17th  October,  1908,  when  he  was 
discharged  from  duty.     Urine  never  positive. 

4.  Fell  ill  30th  November,  1907.  Faeces  and  urine  positive  on 
24th  April,  1908.  Examinations  of  faeces  after  13th  May  were 
negative,  but  the  urine  continued  positive  till  23rd  October  1908, 
when  he  w^as  discharged  from  duty. 

5.  Fell  ill  14th  September,  1907.  Faeces  positive  on  7th  May, 
1908,  but  all  subsequent  examinations  up  to  17th  July  were 
negative.     Released  from  isolation. 
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6.  Fell  ill  28th  August,  1907.  Faeces  positive  on  19tli  April, 
1908  and  on  subsequent  occasions  up  to  30th  June,  1908.  Further 
samples  in  July,  August,  and  September  were  negative.  Released 
from  isolation  on  3rd  October,  1908. 

The  remaining  two  carriers  had  never  had  definite  clinical 
symptoms  and  might  be  called  "  symptomless  "  carriers.  The  one 
had  been  somewhat  out  of  sorts  in  August,  1908  but  quite  fit  for 
duty.  On  2nd  September  he  had  given  a  positive  Widal  reaction 
(1  in  50),  and  examination  of  the  faeces  was  positive  up  to 
30th  November,  when  he  was  discharged  from  service. 

The  other  had  absolutely  no  symptoms.  He  gave  a  negative 
Widal  reaction  and  the  faeces  were  found  positive  on  two  occasions 
only,  viz.,  11th  July  and  13th  July,  1908.  On  11th  September  he 
was  released  from  isolation. 

In  America  some  valuable  statistics  have  been  collated  by 
Rosenau,  Lumsden,  and  Kastle  (1909)  and  by  Park  (1908).  The 
former  investigated  the  question  as  to  how  far  chronic  carriers 
were  responsible  for  the  spread  of  fever  in  the  district  of 
Columbia. 

Three  series  of  examinations  were  performed. 

1.  Persons    who    had   had    enteric    fever    in    previous    years 

(6  months — 20  years  previously),  and  who  had   been  in 
association  with  recent  cases  during  30  days  prior  to  onset. 
Thirty-two  such  persons  were  examined  with  negative 
results. 

2.  In  the  course  of    enteric  studies  in    special   districts,  the 

faeces  of  71  persons  who  had  had  typhoid  fever  1-10  years 
previously  were  examined,  but  all  were  negative. 

3.  In   order   to   determine   how   many  persons  in  Washington 

during  the  typhoid  season  were  carriers,  they  examined 
from  July  16th  to  November  8th  1,014  samples  of  faeces, 
and  26  samples  of  urine  from  993  persons  living  in  32  blocks 
of  the  city. 

Out  of  this  large  material  they  found  only  three  persons 
carrying  the  bacillus  who  did  not  present  any  clinical 
symptoms  of  typhoid  fever. 

The  first  was  a  male  of  50  years  who  had  never  had  typhoid  fever. 
His  wife  had  typhoid  fever  38  years  ago.  There  had  been  no 
typhoid  fever  in  any  house  where  he  had  resided,  and  he  had  enjoyed 
good  health  all  his  life.  Some  six  weeks  before,  he  had  been  out  of 
sorts  with  a  feeling  of  discomfort  in  the  region  of  the  liver  (?  typhoid 
cholecystitis).  The  bacilli  were  found  only  once  and  he  gave  a 
negative  Widal  reaction.  It  is  unfortunate  that  no  mention  is  made 
of  the  examination  of  his  wife. 

The  second  was  a  boy  of  14  years.  The  bacilli  were  got  on  one 
occasion  only.  No  one  in  the  family  had  had  typhoid  fever  except 
the  boy's  mother  who  had  an  attack  42  years  ago.  Here  also  no 
mention  is  made  of  the  examination  of  the  mother. 

The  third  was  a  boy  of  nine  years.  The  bacilli  were  found  once 
only  in  the  urine,  while  the  faeces  were  negative.  None  of  the 
family  had  ever  had  enteric  fever,  and  these  were  all  examined 
with  negative  results. 
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The  per(5Ciitn<^-e  found  (viz.,  ()-;5  \)v.v  (;ciit.)  jKJconls  \v(;ll  witii  tli;it 
got  by  other  observers  in  groups  oi"  hcjiltliy  piiophj  associjited  or  n(jt 
associated  witli  ty])hoid  cases.  Thus  MInelb  (1006)  instituted  a 
search  for  carriers  in  an  institution  wliic^li  had  been  for  years  free 
of  typlioid.  lie  chose  the  town  prison  of  Strassburg  (containing 
250  inmates.  The  excreta  of  all  these  were  examined  with  the 
result  that  one  carrier  was  discovered.  He  had  been  eight  weeks 
in  the  prison,  and  asserted  that  he  had  never  been  ill.  1 1  is  s(m-umi 
gave  a  high  Widal  reaction  (1  in  1,000) — a  fact  which  strengtlu-ned 
Minelli  in  his  belief  that  the  man  may  previously  have  had  a  slight 
attack  of  typhoid.  He  was  37  years  old,  and,  being  a  vagabond,  he 
may  not  unlikely  have  come  in  contact  with  typhoid  cases. 

Minelli's  percentage  was,  therefore,  0*4. 

Park  (1908)  examined  in  May  and  June,  1008,  the  stools  of 
52  persons  who  had  had  typhoid  fever  during  an  epidemic  at  a 
lunatic  asylum  eight  months  previously.  Two  were  still  discharging 
typhoid  bacilli. 

He  also  examined  the  faeces  of  16  persons  who  had  had  typhoid 
fever  at  another  asylum  (date  not  given)  and  found  two  of  these 
still  positive.  They  had  been  well  for  six  months.  From  this 
small  series  therefore  he  obtained  a  carrier  percentage  of  six 
per  cent.  A  large  number  of  convalescents  (number  not  given) 
were  examined  on  leaving  hospital  when  five  per  cent,  were  found 
to  be  still  excreting  typhoid  bacilli. 

I  shall  close  these  data  gathered  by  individual  observers  with  the 
recent  report  by  Prigge  (1909)  on  the  carrier  statistics  at  the 
Saarbriicken  institute. 

During  the  last  three  years  they  examined  at  that  institute  a 
total  of  10,841  persons  and  discovered  84  carriers  which  are  classed 
simply  into  two  groups,  (I)  Temporary  carriers  who  discharge 
bacilli  up  to  one  year,  and  (2)  Chronic  carriers  who  discharge  for  a 
longer  period  than  one  year. 

It  appears  to  me  there  are  good  grounds  for  extending,  as  Prigge 
does,  the  time  limit  from  three  months  to  one  year  in  the  case  of 
temporary  carriers,  as  doubtless,  even  admitting  tlie  difficulty 
entailed  by  intermittency,  a  considerable  proportion  of  convalescent 
carriers  who  have  passed  the  three-month  limit  may  cease  to 
discharge  spontaneously  long  before  a  year  has  elapsed  and  therefore 
do  not  deserve  the  appellation  "  chronic  "  in  the  ordinary  sense  of 
that  term. 

In  the  first  group  he  classes — 

(a)  Persons  in  whom  the  bacillus  was  found  before  clinical 
symptoms  arose,  i.e.,  Primary  carriers  (Couradi)  or  Porleurs 
precoces  (Sacquepee). 

Three  such  carriers  were  discovered  in  whom  the  symptoms  did 
not  supervene  till  18,  19  and  20  days  afterwards.  Two  of  these 
cases  were  children  and  the  third  was  an  adult  man. 

(h)  Clinically  cured  persons  who  continue  to  discharge  bacilli 
from  ten  weeks  to  one  year  after  the  attack. 

There  were  25  of  these,  viz.,  9  men  and  16  women. 

(c)  Healthy  persons,  24  (16  men  and  8  women). 
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In  the  second  group  he  classes — 

(a)  Persons  who  have  previously  had  enteric  fever,  27  cases. 
The  proportion  of  females  to  males  in  this  small  series  Prigge  does 
not  state,  but  he  notes  that  in  a  larger  series  of  102  cases  taken  from 
the  whole  campaign  district,  17  were  males  and  85  females,  thus 
showing  the  enormous  preponderance  of  female  chronic  carriers. 

(b)  Persons  who  have  never  had  typhoid  fever,  8  cases,  all  women. 
The  difficulty  of  obtaining  accurate  past  histories  in  these  cases  is, 

as  other  observers  have  found,  very  considerable,  and  there  is  little 
doubt  that  some  at  least  of  these  cases  may  have  had  enteric  fever 
in  a  slight  or  atypical  form. 

I  come  now  to  consider  the  carrier  statistics  compiled  for  the 
whole  campaign  district  of  South- West  Germany  from  the  com- 
mencement of  the  campaign  up  to  the  end  of  the  year  1907.  These 
have  been  recently  very  fully  worked  out  and  commented  upon  by 
Klinger  (1909),  now  of  the  Kaiser- Wilhelms  Academic  in  Berlin. 
The  population  of  the  district  (excluding  the  Bavarian  Pf  alz)  was  at 
1st  December,  1905,  about  2,300,000,  distributed  in  2,532  Gremein- 
wesen  (communities). 

Up  to  the  close  of  1907,  431  notifications  of  transitory  and 
chronic  typhoid  carriers  were  made  (three  months  being  taken  as 
the  upper  limit  for  a  transitory  carrier).  These  are  arranged  in  the 
annexed  table  (reproduced  from  Klinger's  report)  according  to 
age  and  the  occurrence  or  non-occurrence  of  a  definite  primary 
infection. 

Table  I. 


ChroDic  Carriers. 

Transitory  Carriers. 

Age- 
Groups. 

Previous 
Typhoid. 

No  Previous 
Typhoid. 

Previous 
Typhoid. 
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Table   I. — continued. 


Chronic  Carriers. 

Tr.jnHitory  Carriers. 

Age 
Ci  roups. 

Previous 
Typhoid. 

No  previous 
Typhoid. 

Previous 
Typhoid. 

No  pn?vioui 
Typhoid. 

M. 

F. 

Total. 

M. 

F. 

Total. 

M. 

F. 

Total. 

M. 

F. 

Total. 

45-50      ... 

1 

18 

19 
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3 

6 

2 

I 

2 

3 

1 
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1 

1 
2  1     4 
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4 

12 

16 

1 
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1 
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2 
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— 

1 
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— 
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2 

— 

— 

— 

—        — 
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2 

3 

5 
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1 
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— 

— 

1 

— 
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1  i     1 

2 
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— 

1 

? 

— 

2 
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2 
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2 

2 

1 

1 

i       1 
1 

1 

2 

3 

Totals     ... 

33 

176 

5 

39 

44 

31 

!  61 

92 

58 

6. 
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There  were  thus  220  clironic  carriers  and  211  transitory  carriers. 
Of  the  former  the  great  majority  (80  per  cent.)  gave  evidence  of  a 
primary  infection,  while  in  only  43*6  per  cent,  of  the  transitory 
carriers  was  this  evidence  forthcoming. 

The  enormous  preponderance  of  female  chronic  carriers  over  male 
is  strikingly  brought  out  (viz.,  182  to  38,  or  nearly  5  to  1),  whereas 
among  the  transitory  carriers  the  proportions  are  very  nearly  equal 
(female  to  male,  1*4  to  1). 

Gallstone  troubles  were  definitely  diagnosed  in  30  chronic 
carriers,  i.e.,  13-6  per  cent.  This  figure  corresponds  closely  to  the 
percentage  of  gallstone  cases  (of  all  origins)  in  which  diagnostic 
symptoms  are  present. 

Perhaps  the  most  important  and  striking  feature  brought  out  by 
the  Table  is  the  difFerent  distribution  of  the  transitory  from  that  of 
the  chronic  carriers  according  to  age  groups.  Whereas  among  the 
transitory  carriers  young  persons  form  the  great  majority,  among 
the  chronic  carriers  persons  in  middle  age  or  advanced  life  pre- 
dominate markedly.  i  •  i      i 

This  is  shown  more  clearly  in  the  annexed  cm-ve  m  wliu-h  the 
maximum  point  for  the  transitory  carrier  is  reached  at  the  5-10  age 
limit  and  that  for  the  chronic  carrier  at  the  40-45  age  hunt.     It  is 
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important  to  note,  however,  that  the  curves  indicate  only  the  actual 
incidence  on  the  several  age-groups  and  not  the  proportional  incidence. 

With  regard  to  the  period  during  which  these  carriers  have  been 
under  bacteriological  control  since  they  passed  the  three-month 
limit,  30  have  been  examined  up  to  six  months  and  the  others  from 
one  year  to  two,  three,  four  and  four-and-a-half  years. 

Included  in  the  220  chronic  carriers  are  some  30  cases  in  which 
the  primary  infection  took  place  4-30  years  previously. 

A  spontaneous  cessation  in  the  excretion  of  the  typhoid  bacillus 
occurred  in  42  of  these  chronic  carriers,  sometimes  indeed  after 
prolonged  positive  periods,  but  as  Klinger  remarks,  such  bacterio- 
logical cures  must  be  regarded  with  considerable  scepticism  in  view 
of  the  prolonged  intermittent  periods  which  have  been  observed  and 
the  not  unlikely  possibility  of  the  transmission  of  a  false  sample. 

During  1906  and  1907,  38  typhoid  convalescents  or  1  per  cent, 
of  the  total  number  of  typhoid  cases  (3,867)  became  chronic 
carriers.  The  percentage  is  thus  much  smaller  than  that  obtained 
by  individual  observers. 

Further  facts  with  regard  to  the  campaign  particularly  during 
the  earlier  years  1904,  1905  and  1906  are  given  by  Frosch  (1908). 
There  was  a  total  of  6,708  enteric  cases  in  that  period  (beginning 
of  1.904-end  of  1906),  and  of  these  310  became  curriers;  166 
excreted  the  bacillus  for  three  months  or  longer,  i.e.,  2*47  per  cent. 
(=  Dauertniger)  and  144  excreted  the  bacillus  for  a  period  under 
three  months,  i.e.,  2*15  per  cent,  of  transitory  carriers 
(=  Bazillentniger). 

In  Frosch' s  series  females  again  formed  82  per  cent,  of  the 
chronic  carriers  and  60  per  cent,  of  the  transitory  carriers,  while 
children  (up  to  15  years)  formed  only  4  per  cent,  of  the  chronic 
carriers,  but  35  per  cent,  of  the  transitory  carriers. 

An  interesting  point  with  regard  to  the  occupations  of  the  female 
typhoid  cases,  is  brought  out  from  Frosch's  figures.  For  the  year 
1906,  the  total  number  of  typhoid  cases  in  the  district  was  2,080 
(938  males,  454  females,  and  688  children  up  to  15  years).  Of 
these  454  females  no  fewer  than  314  were  "  Hausfrauen,"  while  6^ 
were  domestic  servants.  Thus  370  or  81  per  cent,  of  the  female 
cases  were  engaged  in  housework,  and  from  these  the  great  majority 
of  the  chronic  carriers  and  more  than  half  of  the  transitory  carriers 
were  recruited. 

I  shall  deal  with  the  significance  of  this  fact  when  I  come  to 
consider  the  pathogenesis  of  the  carrier  state  (vide  Chapter  VII). 

The  data  for  the  Bavarian  Pfalz  have  been  compiled  by 
G.  Mayer  (1910). 

In  July,  1903,  Bavaria  decided  to  join  in  the  campaign  that  had 
been  begun  in  the  neighbouring  districts  of  south-west  Germany  and 
erected  two  institutes  at  Landau  and  Kaiserslautern  respectively. 
G.  Mayer  directed  the  latter  up  to  1st  February,  1908.  The 
population  of  his  district  was  about  400,000  and  the  number  of 
typhoid  cases  was  about  930  during  the  period  (1904-1907). 

Typhoid  carriers  to  tlie  number  of  151  were  found,  viz.,  temporary 
(under  three  months)  73,  chronic  (over  three  months)  78.  Of  the 
temporary  carriers  54*9  per  cent,  were  women  and  57*4  per  cent. 
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children,  Avliile  of  the  chroni(t  (^juriers  GCyf)  per  cent,  were  woiucn 
and  25*2  ])er  cent,  (children  (up  to  15  years). 

Nine  of  tlie  ehi'onie  (uin-ier.s  (or  roughly  10  jkt  cent.)  Hiiff'ered 
from  gallstone  trouble,  while  three  had  .severe  "  hilious  "  r(;l:ipscH 
after  three,  six  and  ten  years  respectively. 

According  to  the  carriers'  own  stat(!nients,  16  of  tiieni  iiad  never 
been  ill,  10  had  had  enteric  fever  four- nine  years  pn^viouslv,  and 
two  of  them  had  had  enteric  fev(H*  20-'M)  years  previously. 

"  Bacteriological  "  cures  resulted  in  62  chronic  carriers,  four  left 
the  Pfalz  district  and  one  (a  sei'vant  girl)  drowned  herself. 

The  great  majority  of  the  carriers  dealt  with  in  this  chapter  arc 
adult  males  and  females  of  the  chronic  type.  The  records  show 
that  children  only  very  rarely  become  chronic  cai-riers,  but  their 
importance  as  temporary  carriers  has  been  repeatedly  proved  since 
bacteriological  methods  have  shown  how  insignificant  and  how 
liable  to  be  overlooked  a  typhoid  infection  may  be  in  young 
children. 

I  do  not  propose  to  give  actual  instances  in  illustration  of  the 
spread  of  infection  by  transitory  carriers  in  the  persons  of  young 
children,  but  I  cannot  refrain  from  quoting  one  striking  case  in 
which  a  series  of  typhoid  cases  was  considered  to  be  due  to  a 
suckling  male  child  of  18  months.  This  case  has  quite  recently 
been  reported  by  Rommeler  (1910)  of  the  Neunkirchen  Institute. 
The  facts  are  as  follows  : — 

On  29th  November,  1909,  a  woman  who  was  suckling  a  child  of 
18  months  developed  vague  febrile  symptoms.  Eight  days  later 
she  was  removed  to  hospital  where  she  passed  through  a  typical 
attack  of  enteric  fever.  Up  to  the  time  of  her  removal  to  hospital 
she  continued  to  nurse  the  child.  The  latter  was  then  handed  over 
to  a  female  neighbour  to  be  nursed.  On  the  first  day  of  her 
custody  (viz.,  8th  December,  1909)  she  noticed  that  the  child  had 
slight  diarrhoea,  but  which  she  not  unnaturally  attributed  to  the 
necessary  weaning. 

On  25th  December  the  foster-mother  developed  typhoid  fever. 
On  4th  January,  1910,  her  six-year  old  daughter',  on  6th  January 
her  three-year  old  niece,  who  came  every  day  to  i)lay  in  the  house  ; 
on  18th  January  her  own  sucklhuj  child,  and  on  the  same  date  her 
fifteen-year  old  daughter  fell  ill  with  the  same  disease.  As  almost 
the  whole  family  was  attacked,  a  relative  (female  of  20  years  with 
some  experience  in  nursing)  was  called  in  to  take  care  of  the  sick. 
She  also  took  ill  on  2nd  February  and  died  in  six  days. 

There  appeared  to  be  little  doubt  that  the  series  of  cases  arose 
from  the  suckling  child  temporarily  adopted  by  the  family,  but  the 
suspicion  was  raised  to  a  certainty  by  the  result  of  the  bacterio- 
logical examination  carried  out.  On  19th  January,  1910,  the 
serum  of  the  child  gave  a  Widal  reaction  of  1  in  100.  Also  on  two 
occasions,  21st  and  25th  January,  typhoid  bacilli  were  isolated  from 
the  child's  faeces,  but  nine  subsequent  examinations  were  negative. 

The  importance  of  the  atypical  and  ambulant  cases  in  children  is 
further  exemplified  in  a  recent  paper  by  Briickner  (1910-/>). 

I   close   this  chapter  with   some   data  relative   to  the  so-called 

"Primary"  or  "Precocious"  carriers  in  whom  typhoid  bacilli  have 

-  been  demonstrated  in  the  excreta  some  time  before  the  outbreak  of 
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symptoms.  G.  Mayer  (1910)  in  a  recent  paper  states  that  in  1903 
he  was  the  first  to  demonstrate  the  presence  of  typhoid  bacilli  in 
the  stools  during  the  incubation  stage.  The  case  was  a  boy  of  six 
years  whose  stools  contained  typhoid  bacilli  eight  days  before 
symptoms  arose.  Although  he  was  immediately  isolated,  both  his 
brothers  contracted  the  fever.  In  1905  and  1907  the  same  author 
was  able  to  record  two  further  cases  of  this  nature. 

Conradi  (19075)  gives  notes  of  two  cases  in  which  the  bacilli 
were  found  in  the  faeces  during  the  incubation  stage. 

Case  I. — Typhoid  fever  broke  out  (9th  to  18th  April,  1906)  in  a 
family  of  eight  members,  the  persons  attacked  being  the  mother 
and  three  children.  On  20th  April  the  cases  were  brought  to 
hospital,  having  been  nursed  up  to  that  date  by  the  grandmother 
(61  years  of  age).  Typhoid  bacilli  were  isolated  from  the  grand- 
mother's faeces  on  2nd  May,  1906,  and  eight  days  later  she  also 
developed  typhoid  fever. 

Case  II. — On  27th  December,  1903,  a  man  30  years  of  age  fell  ill 
with  typhoid  fever  and  was  nursed  by  his  wife  till  10th  January, 
1904,  when  he  was  removed  to  hospital.  On  25th  January,  1904, 
typhoid  bacilli  were  found  in  the  healthy  woman's  faeces  and  eleven 
days  later  she  also  developed  typhoid  fever. 

The  importance  of  these  cases  and  the  infections  arising  from 
them  (so-called  early  contacts)  have  been  for  some  years  strongly 
insisted  upon  by  Conradi  who  was  also  able  to  demonstrate  the 
presence  of  typhoid  bacilli  in  the  blood  during  the  incubation  stage. 
In  the  beginning  of  March,  1907,  a  girl  contracted  enteric  fever. 
On  the  24th  March  Conradi  took  a  sample  of  blood  from  her 
brother  who  was  at  the  time  quite  well  and  isolated  the  B.  typhosus 
therefrom.  Four  days  later  this  boy  also  fell  ill  with  typhoid  fever 
of  a  severe  type. 

I  cannot  enter  in  detail  into  the  statistics  which  have  been  com- 
piled, notably  by  Conradi  (1907c)  and  Klinger  (1909)  on  this 
"  early  contact "  question,  but  I  extract  from  their  works  the 
following  tables  which,  it  is  claimed,  show  the  relatively  high 
infectivity  of  typhoid  patients  during  the  incubation  stage  and  the 
earlier  weeks  of  the  disease. 

The  material  at  Conradi's  disposal  for  the  investigation  of  this 
question  was  derived  from  the  data  relative  to  certain  groups  of 
cases  carefully  selected  from  the  total  of  600  cases  investigated 
during  a  period  of  2^  years,  at  Saarbriicken.  In  calculating  the 
date  on  which  the  primary  case  infected  the  secondary,  he  took  the 
interval  between  the  beginning  of  the  primary  case  and  the 
beginning  of  the  secondary  and  subtracted  therefrom  10  days. 

In  Table  I.  are  recorded  the  data  relative  to  38  contact  infections 
(secondary  cases)  which  took  place  in  various  families  in  spite  of 
the  fact  that  the  respective  primary  cases  had  been  removed  to 
hospital.  As  a  rule  12  days  elapsed  between  the  beginning  of  the 
disease  and  the  removal  to  hospital.  On  the  day  after  removal  the 
house  was  thoroughly  disinfected.  Conradi  considers  that  the 
table  shows  that  the  great  majority  of  the  secondary  cases  must 
have  received  their  infection  from  the  primary  cases,  while  the 
latter  were  still  in  the  early  days  of  their  illness* 
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In  Tal)lc  Jl.  <iro  <»ivon  the  datji  with  rc^rard  lo  ji  nanvM  of 
secondary  cases  vvliich  arose  in  familicH  in  spite;  of  disinfcMttion  and 
isolation  of  tlie  ])riin[iry  case  in  th(i  hoiis(;.  Satisfactory  ir^ohition 
was  admittedly  difficult  in  many  cases,  so  tliat  th{;nj  may  have  hrcn 
some  opportunity  of  infection  after  the  12th  day,  when  disinf(;ction 
was,  as  a  rule,  performed. 

In  Table  III.  are  ^iven  the  data  relative  to  secondary  cases  due 
to  primary  cases  not  treated  by  a  physi(Man. 

Table  I.  (Conkadi,  1907r"). 

Data  relative  to  38  contact  infections  which  took  place  in  various 
families    in   spite   of    the    fact  that  the  first   person  attacked   waH 
removed  to  hospital. 
Infected  by  the  primary  case  during  the  1st  week  of  the  disease,  25  secondary  caseH. 
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Table  II.  (Conkadi,  19076'). 

Data  relative  to  28  contact  infections  which  took  ])lace  in  families 
in  spite  of  disinfection  and  isolation  of  the   primary  patient  in  the 
house. 
Infected  by  the  primary  case  during  the  1st  week  of  the  disease,  14  secondary  cises. 
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TABLE  III.    (Conradi,  1907c). 

Data  relative  to  19  contact  infections  due  to  typhoid  cases  not 

treated  by  a  physician. 

Infected  by  the  primary  case  during  l&t  week  of  the  disea<^e,  10  secondiry  cases 
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These   85   contact  infections  may  be   thus  summarised,  10  days 

being  taken  as  the  most  probable  incubation  period. 

Infected  by  the  primary  case  in  the  1st  week  of  the  disease,  40  secondary  cdEcs. 
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It  will  be  seen  that  58  per  cent,  of  the  observed  contact  infections 
took  place  during  the  first  week  of  the  primary  infection,  and  in 
view  of  the  facts  that  have  been  ascertained  with  regard  to  the 
infectivity  of  the  incubation  stage,  Conradi  considered  it  probable 
that  a  considerable  proportion  of  these  may  have  become  infected 
during  the  incubation  stage  of  the  primary  case. 
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The  table  compiled  by  Klinger  (1909)  from  the  data  relative  to 
the  two  years  1906  and  1907  of  the  typhoid-campaign  in  south-west 
Germany,  affords  a  striking  illustration  of  the  importance  of  the 
primary  carrier,  in  the  spread  of  enteric  fever. 

The  material  employed  was  a  series  of  812  contact  infections,  two 
wrecks  being  taken  as  the  average  incubation  period.  In  60  cases 
Klinger  believed  that  he  had  ascertained  the  incubation  period  with 
tolerable  certainty  ;  he  found  it  to  vary  from  5  to  45  days,  with  an 
average  of  16  days.  Also  in  the  course  of  a  water-borne  epidemic 
he  had  found  that  98  per  cent,  of  a  series  of  83  cases  regarded  as 
having  been  infected  at  the  same  time  developed  clinical  symptoms 
11  to  18  days  later. 

(Klinger,  1909). 


Incubation  Period. 

Course  of  the  Disease. 

1st  week.        2nd  week. 

1st  week.       2nd  week. 

3rd  week. 

4th  week. 

(1906) (1907) 
18  +  15 

84  +  66 

104  +  83 

87  +  71 

58  +  58 

16  +  43 

33 

contact 
cases. 

150 

contact 

cases. 

187 
contact 
cases. 

158 

contact 

eases. 

116 

contact 
cases. 

59 

contact 

cases. 

Course  of  the  Disease. 


5th  week. 

6th  week. 

7th  week. 

8th  week. 

9th  week. 

10th  week. 

1 
13+21           7+15 

9  +  5 

9  +  7 

10  +  5 

5  +  3 

34 

contact 

cases. 

22 

contact 
cases. 

14 

contact 
cases. 

16 

contact 
cases. 

15 

contact 

cases. 

8 

contact 

cases. 

Klinger  admits  it  would  be  a  mistake  to  place  too  much  reliance 
on  the  accuracy  of  the  figures  in  view  of  the  variations  in  the 
incubation  period  ;  nevertheless  he  takes  the  view  that  taken  as  a 
whole  the  figures  show  that  a  preponderant  number  of  contact 
infections  take  place  during  the  early  period  of  the  typhoid 
infection,  or,  in  other  words,  that  a  typhoid  patient  is  most 
dangerous  during  the  incubation  period,  and  the  first  and  second 
weeks  of  the  disease,  i.e.,  during  the  period  when  little  or  no  pre- 
cautions can  be  taken.  In  the  later  stages  of  the  disease  the  gradual 
cessation  in  the  excretion  of  the  specific  bacteria  and  the  precautions 
taken  as  to  disinfection,  &c.,  serve  to  keep  the  contact  infections  at 
a  relatively  low  figure. 
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CHAPTER    III 


Instances  of  rNFEcnviTY  of  Caurifrs. 
House  and  Street  Cases, 

The  influence  of  carriers  in  maintaining  the  endemicity  (»}'  typhoid 
fever  in  individual  houses  and  streets,  or  groups  of  houses  in 
isolated  country  districts,  has  been  abundantly  attested  ])y  the  work 
of  recent  years,  and  in  no  other  sphere  has  the  search  for  carricrr^ 
been  more  fruitful.  Indeed,  so  many  instances  of  the  dangers 
arising  from  carriers  in  this  connexion  have  accumulated  that  it 
will  be  possible  to  refer  in  detail  only  to  the  most  striking  and 
illustrative.  The  part  played  by  carriers  in  the  dissemination  of 
enteric  fever  through  the  agency  of  milk  or  of  water  and  their 
relationship  to  the  occurrence  of  the  fever  in  army-units  and  in 
institutions  will  be  discussed  in  following  chapters. 

I  shall  commence  with  the  now  well-known  case  of  the  Strassburg 
baker's  wife,  reported  four  years  ago  by  Kayser  (1906«). 

On  20th  May,  1904,  an  apprentice,  lodging  with  the  master 
baker's  wife,  a  woman  40  years  of  age,  contracted  typhoid  fever 
and  died  durino*  the  third  week  of  the  disease.  The  baker's  wife 
was  known  to  have  had  typhoid  fever  ten  years  previou.-:ly.  In 
recent  years  it  had  been  observed  that  practically  every  fresh 
apprentice  became  ill  shortly  after  his  entering  on  residence  with 
her,  with  symptoms  pointing  to  stomach  and  bowel  disorder.  These 
symptoms  were  attributed  by  the  baker's  wife  to  "  too  good  diet.*' 
On  26th  May,  1904,  this  woman  was  discovered  to  be  a  carrier,  and 
further  examination  of  her  stools  on  1st  June,  3rd  June,  22nd  June, 
and  5th  July  proved  positive.  From  the  19th  July  onwards, 
however,  weekly  examinations  of  her  stools  gave  negative  results  : 
but  there  was  a  strong  conviction  that  the  samples  received  from 
her  were  not  her  own. 

On  8th  August  her  tenant,  a  man  29  years  of  age,  who  used  the 
same  water-closet  as  the  baker's  wife  took  ill  and  died  in  the  third 
week  of  the  disease.  Under  police  pressure  the  woman  was  now 
brought  to  the  clinic  and  her  stools  were  found  to  contain  enormous 
numbers  of  typhoid  bacilli. 

In  a  later  communication  Kayser  (1907)  attributes  another  case 
of  typhoid  fever  to  infection  from  the  baker's  wife.^ 

Thus  three  cases  occurred  in  the  household  of  this  woman. 

Second  case.  Kayser  (1906rt).— A  female  40  years  of  age  was 
discovered  to  be  a  carrier  in  November,  1904,  and  her  stools  and 
urine  were  examined  every  three  weeks  thereafter  for  about  a  year. 
Thirty  years  previously  she  had  passed  through  an  attack  of  typhoid 
fever,  and  during  the  past  five  years  she  had  suirered  from  severe 

gallstone  colic. 

On  20th  May,  1904,  her  son-in-law  (27  years^  who  lived  m  the 
same  house,  felldl  with  typhoid  fever,  as  also,  on   17th  November, 
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did  her  lodger,  who  snccnmbed  to  the  disease.  These  two  persons 
had  used  the  same  water-closet  and  the  same  dishes,  &c.,  as  this 
woman.  Two  other  persons,  who  did  not  belong  to  the  household, 
but  who  came  in  contact  with  the  woman  in  a  business  capacity, 
also  contracted  typhoid  fever.  After  the  20th  November,  1904, 
when  she  was  discovered  to  be  a  carrier  and  regulations  as  to 
disinfection,  &c.,  were  in  consequence  imposed  upon  her,  no  further 
cases  occurred  in  her  vicinity.  No  record  could  be  obtained  of  the 
occurrence  of  cases  in  this  household  prior  to  1904. 

A  number  of  interesting  cases  of  household  infections  traceable 
to  carriers  are  given  by  Mayer  (1908)  in  his  report  on  the  typhoid 
investigations  in  the  Bavarian  Pfalz  during  1903-6. 

Case  1. — In  August,  1906,  a  girl  (13  years)  in  the  hamlet  of  "  V  " 
was  notified  as  a  case  of  typhoid  fever.  One  death  from  typhoid 
fever  had  occurred  in  this  hamlet  on  the  14th  April,  but  no  connexion 
could  be  traced  between  this  and  the  August  case.  It  was  ascer- 
tained, however,  that  the  grandmother  of  the  girl  had  had  typhoid 
fever  49  years  previously,  her  grandfather  20  years  previously, 
an  aunt  28  years  previously,  her  mother  23  years  previously,  and  a 
brother  9  years  previously.  In  the  course  of  an  examination  of 
these  persons,  the  mother  (41  years)  was  found  to  be  a  carrier. 

Case  2. — A  young  married  woman  was  notified  in  April,  1904, 
as  a  case  of  typhoid  fever,  and  the  medical  oflficer  stated  that  her 
eighteen  month's  old  child  had  suffered  from  angina  and  diarrhoea 
about  14  days  before  the  commencement  of  her  mother's  illness. 
Where  the  woman  lived  there  had  been  only  one  case  of  typhoid 
fever  in  recent  years,  but  no  connexion  could  be  traced  between  this 
case  and  the  sick  family.  The  case  would  have  remained  puzzling 
without  a  knowledge  of  other  cases  which  had  occurred  in  earlier 
years  in  this  place.  On  consulting  the  registers  Mayer  found  a 
patient  who  had  had  typhoid  fever  in  1900,  and  whose  name  was 
the  same  as  that  of  the  sick  woman.  Enquiry  established  the  fact 
that  this  man  was  the  husband  of  the  sick  woman  and  the  father  of 
the  child,  and  further  examination  led  to  the  discovery  that  he  was 
a  carrier. 

Case  3. — Typhoid  fever  had  been  endemic  on  a  large  estate  in 
"  L  "  since  1896.  Soil  contamination  had  been  blamed,  but  in  spite 
of  improved  drainage  cases  continued  to  crop  up.  Repeated 
disinfection  of  the  rooms  in  which  typhoid  cases  had  occurred  also 
failed  to  arrest  the  spread.  Cases  had  arisen  in  the  followhig 
order  : — 

1896.  The  manager  himself,  and,  later  in  the  same  year,  a  girl 

employed  at  the  farm. 

1897.  The  housekeeper. 

1899.  A  girl,  in  middle  of  July,  employed  on  the  farm. 

1900.  Ditto  ditto  ditto. 
1903.                  Ditto                   ditto                   ditto. 

1897-8.     Three    persons    in    a    neighbouring    house,    where 
relations  of  the  manager  resided. 

1900.  A  labourer  living  in  a  house  exactly  opposite  the  farm. 

1901.  A  farm  labourer  and  his  master,  who  died. 

1902.  Two  other  farm  labourers,  one  of  whom  died;   also  a 

girl  in  a  neigbouring  house. 
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In  June,  19()(),  lour  persons  liviiio-  in  three;  liousos  not  far  from 
the  farm  took  typhoid  iever.  Their  water  supply— a  rather 
unsatisfactory  pump-well — was  the  same  as  that  of  tlu;  farm  and 
there  was  a  suspicion  that  it  was  ])einfr  pojhitod  from  a  water-closet 
employed  by  the  manager  of  the  farm,  and,  in  fact,  14  days  before 
the  outbreak  of  the  new  cases  the  manager  had  l)een  known  to  use 
this  closet.  His  faeces  were  now  examined  and  he  was  discovered  to 
be  a  carrier.  It  was  practically  certain  that  for  years  he  had  ])een 
spreading  typhoid  fever  in  his  vicinity. 

Rosenthal  (1906)  in  Gottingen  gives  an  interesting  description  of 
repeated  cases  in  one  household  attributable  to  a  carrier. 

During  the  autumn  and  winter  of  1905-6  there  had  l)een  four 
cases  of  typhoid  fever  in  a  single  household  and  th(;  faecc^^^  of  1 3 
inhabitants  of  this  house  were  examined,  with  the  result  that  one 
female  carrier  (42  years)  was  discovered.  She  had  not  been  ill  for 
years  but  there  was  some  evidence  of  her  having  passed  through  an 
attack  of  typhoid  fever  in  1878.  In  that  year  she  had  had  a  severe 
febrile  attack  and  at  the  same  time  her  son  had  a  severe  intestinal 
trouble.  During  that  year  also  an  epidemic  of  typhoid  fever  had 
broken  out  in  her  street.  On  enquiry  it  was  found  that  from  1897 
to  1906  13  cases  of  typhoid  fever  were  in  all  likelihood  attributable 
to  personal  intercourse  with  this  woman.  Six  of  these  persons  were 
lodgers  who  got  breakfast  and  supper  from  her  ;  three  were  children 
who  lived  in  the  house  ;  one  was  a  female  neighbour,  who  often 
visited  her  ;  and  three  were  persons  in  neighbouring  houses  who  got 
their  vegfetables  from  her.  This  woman  and  her  husband  sold 
veo^etables  and  fruit  and  attended  the  markets  three  times  a  week. 
She  may  therefore  have  infected  many  more  people.  Rosenthnl 
also  notes  that  the  excreta  from  the  house  were  used  to  dung  the 
vegetables.  Necessary  precauti'5ns  were  now  enforced  with  regard 
to  disinfection  of  excreta,  but  there  was  no  power  to  prevent  the 
woman  plying  her  trade. 

Mention  may  now  be  made  of  a  well-known  case  reported  by 
Soper  (1907)  of  New  York,  in  which  a  female  carrier  in  the  person 
of  a  cook  was  found  to  have  been  responsible  for  the  occurrence  of 
no  fewer  than  26  cases  of  typhoid  fever  in  seven  different  families. 

The  final  outbreak  attributable  to  this  cook  occurred  in  the  first 
two  months  of  1907  while  she  was  in  service  in  a  New  York  family, 
the  victims  being  a  chambermaid  and  a  daughter  of  the  house,  who 
died  (the  only  fatal  case  in  the  series).  The  cook  had  beeii  two 
months  in  this  family  before  the  cases  arose.  On  March  19th,  1907, 
this  woman,  after  a  severe  struggle  in  which  police  aid  had  to  be 
requisitioned,  was  conveyed  to  the  detention  hospital,  under  charge 
of  Drs.  Wilson  and  Park,  and  there,  her  faeces  were  bacteriologically 
examined  with  a  positive  result.  Much  difficulty  was  oxperionced 
in  tracing  out  the  past  history  of  this  cook  and  possil)ly  the 
achievements  now  to  be  mentioned  have  no  claim  to  be  exhaustive. 
Considerable  gaps  in  her  history  could  not  be  filled  up  in  spite  of 
careful  enquiry. 

The  various  outbreaks  occurred  as  follows  : — 

September,  1900.  Mamaroneck.  During  a  summer  residence  in 
this  place  a  visitor  to   the  family  developed   typhoid  fever,     it  is 
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remarkable  that  the  cook  had  been  three  years  in  this  family 
without  having  given  rise  so  far  as  is  known  to  any  case  of  the 
disease. 

December^  1901.  New  York.  One  month  after  the  cook's 
arrival  in  this  family  a  laundress  in  their  employment  developed 
typhoid  fever. 

Slimmer^  1902.  Dark  Harbour.  Seven  members  of  the  family 
and  two  servants  developed  typhoid  fever.  All  the  servants  except 
the  cook  had  been  employed  in  this  family  for  one  month  or  more 
in  New  York  before  leaving  for  the  summer  residence  in  Dark 
Harbour.  The  cook  had  been  engaged  specially  for  the  summer, 
and  had  joined  the  family  three  weeks  before  it  left  for  Dark 
Harbour. 

Sjimmer,  1904.  Sands  Point.  Four  servants  developed  typhoid 
fever.  The  cook  had  been  nine  months  in  the  service  of  the  family 
without  any  untoward  occurrence.  The  cases  arose  when  the  family 
removed  to  Sands  Point,  and  the  servants  were  practically  new 
hands.  (Laundress,  gardener,  butler's  wife,  and  butler's  wife's 
sister.) 

Summer,  1906.  Oyster  Bay.  Six  cases  occurred  in  one  house- 
hold. 

Septemher  to  Octoher,  1906.  Tuxedo.  One  laundress  took  ill 
14  days  after  the  arrival  of  the  cook. 

January  to  February,  1907.  Final  outbreak  at  New  York 
(already  quoted). 

In  a  further  report  on  this  case  Park  (1908)  mentions  that  the 
cook  had  been  kept  in  detention  since  she  was  discovered  to  be  a 
carrier,  and  that  various  intestinal , antiseptics  had  been  employed 
with  a  view  to  cure,  but  without  success.  Her  urine  was  always 
negative. 

Niven  (Medical  Officer  of  Health,  Manchester)  (1908),  reported 
the  discovery  of  a  carrier  in  the  person  of  a  woman  who  kept 
lodgers  and  did  her  own  housework.  The  cases  ascribed  to  her 
occurred  as  follows  : 

September  24:th,  1908.  Male  lodger  (36  years)  developed  enteric 
fever  four  days  after  leaving  the  house. 

September  7t/t,  1907.  Male  lodger  (19  years)  developed  typhoid 
fever. 

September  4th,  1906.  Male  lodger  (28  years)  took  typhoid  fever 
and  died. 

May  2nr/,  1906.  Male  lodger  (28  years)  took  typhoid  fever 
and  died. 

The  following  three  cases  were  also  traced  to  two  other  houses  at 
which  Mrs.  W.  had  taken  in  lodgers  : — 

Afay  20th,  1905.  Lodger  (19  years).  This  case,  however,  may 
have  been  infected  outside  Manchester. 

April  Sth,  1905.     Lodger  (25  years)  developed  typhoid  fever. 
Octoher  4th,  1898.     Lodger  (23   years)  took  typhoid  fever  and 
died. 
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In  none  of  tlicse  oases  was  tli('r(!  a  liistory  of  contact  with  nctiial 
typlioid  patients,  nor  (tould  sluHl-fisli  coiisninj)t,ioii  he  iM(iiinii.:it..l. 
The  history  of  Mrs.  W.  was  hv'wMy  as  follows  : 

Up  to  her  o4th  year  she  had  heen  ([iiih?  hcaithv.  In  thin 
year  (1893)  she  had  an  attack  of  infinonza  and  jjiicMinonia. 
The  illness  had  lasted  five  we(!ks,  and  sin-  had  l)c('n  kept  on 
fluid  food.  Since  this  ilhiess  she  suffered  periodically  from 
pain  in  the  abdomen  and  voniitinir.  In  1898  the  attacks  were 
very  numerous  and  occurred  at  intervals  of  three  to  seven 
days.  This  year  was  marked  by  the  first  appearance  of 
typhoid  fever  among  her  lodgers. 

When    the    woman  was    examined    in    Novenil)er,    1908,  no 

abnormal  physical   signs  could  be  made  out,  the  liver  was  not 

enlarged  and  there  was  no  palpable  enlargement  of  the  gall 

bladder.     There  was  no  evidence  of  gall  stones,  and  so  far  as 

her  own  medical  attendant  knew,  she  had  never  been  jaimdiccMl. 

Examination  of  her  excreta  by  Prof.  Delepine  on  November 

4th,  1908,  revealed  typhoid  bacilli  both  in  faeces  and  urine. 

On    December   3rd,  however,    the    faeces  only   contained  the 

bacilli.     In  November,   1907,  her  blood  had   given  a  negative 

Widal  reaction,  but  on  November,  1908,  a  positive  reaction  was 

obtained. 

An  account  of  this  case  has  also  recently  been  given  by  Hutchinson 

(1910). 

Gregg  (1908)  (America)  reported  that  seven  cases  of  enteric  fever 
had  occurred  among  the  inmates  of  a  small  boarding  house  in  a 
farming  town  between  August,  1905,  and  March,  1908.  The 
mistress,  who  prepared  all  the  food  herself,  had  had  typhoid  fever 
so  long  ago  as  1856.  The  faeces  of  this  woman  were  repeatedly 
positive,  but  the  blood  and  urine  were  negative.  She  enjoyed 
excellent  health.  No  other  cases  occurred  in  the  neighbourhood, 
and  there  was  no  other  discoverable  source  of  infection. 

Another  house-endemic  persisting  over  a  long  term  of  years  and 
attributable  to  a  female  carrier,  has  been  reported  by  Iluggenberg 
(1908).     Thirteen  cases  in  all  occurred  in  one   family  during  the 
period  1877-1908,  viz.  ;— 
Mother  :  May,  1877. 
Father  :  July,  1886. 
Son  :  September,  1892.  • 
Female  servant :    February,  1899. 
Do.  August,  1899. 

Do.  September,  1900. 

Do.  August,  1902. 

Daughter-in-law  :    September,  1902  (had  been  living  for  some 

weeks  in  the  family). 
Female  servant :    February,  1903. 
Do.  October,  1903. 

Do.  December,  1904.     (This  servant  was  livmg 

in  the  same  house  but  with  another  family.) 

Do.  June,  1905. 

Do.  February,  1908. 

Huggenberg  made  a  bacteriological   examination  of  the  excreta 

of    all  ^he   members  of  the  family  and  was  able  to  demonstrate 

C 


17376 


34 

typhoid  bacilli  in  those  of  the  mother,  who  had  had  her  primary 
attack  of  enteric  fever  31  years  before.  Her  serum  also  gave  a 
well-marked  Widal  reaction. 

A  few  new  experiences  have  recently  been  reported  by  Kayser 
(1909)  in  the  course  of  the  investigations  at  Strassburg. 

Case  1. — House  case  with  evidence  pointing  to  the  mode  of 
transference  of  the  infective  agent  from  the  carrier  to  the  new 
host. 

Frau  H.  (31  years)  had  had  typhoid  fever  in  her  youth.  Until 
August,  1905,  she  had  lived  with  her  three  children,  aged  4,  7, 
and  10  years,  in  a  sanitary  dwelling,  and  there  had  been  no  cases 
of  the  fever.  During  this  month  the  family  removed  to  a  new 
suburban  building  in  which  the  water-closet  arrangements  were  not 
satisfactory,  and  the  well  was  insufficiently  protected  from  risk  of 
contamination  by  the  excreta  of  the  household.  This  well  formed 
the  household  water  supply  and  was  not  used  by  other  households. 
The  children  drank  of  this  well  water.  On  19th  August  the  seven- 
year-old  daughter  fell  ill  with  typhoid  fever,  as  also  did  the  10-year- 
old  son,  who  died.  It  was  then  discovered  that  the  mother,  who 
had  had  typhoid  fever  14  years  before,  was  a  chronic  carrier. 
Nothing  had  happened  while  the  sanitary  arrangements  of  the  house 
were  above  suspicion. 

Case  2. — Where  the  medium  of  transference  was  in  all  probability 
food  stuffs. 

Frau  B.  went  to  a  neighbouring  town  to  attend  Frau  J.  in 
childbirth.  Some  of  the  latter's  family  had  had  typhoid  fever 
three  months  before,  but  all  of  these  during  convalescence  had  been 
declared  typhoid-free.  On  her  return  home  from  attendance  on 
Frau  J.,  Frau  B.  took  with  her  some  fruit  and  pastry  of  which 
she  and  her  husband  partook.  The  husband  shortly  afterwards 
developed  typhoid  fever,  and  Frau  B.  was  for  some  days  out  of 
sorts,  but  there  was  no  reason  to  suspect  that  her  illness  was  typhoid 
fever.  The  household  of  J.  was  examined,  and  Frau  J.,  who 
was  quite  well,  was  discovered  to  be  a  carrier. 

Herr  B.  after  his  attack  also  became  a  chronic  carrier  and 
received  instructions  with  regard  to  the  disinfection  of  his  excreta. 
After  the  middle  of  February,  1907,  he  neglected  to  take  the 
prescribed  precautions.  In  March,  1907,  Frau  B.  had  an  accident 
to  her  abdomen  followed  by  what  was  thought  to  be  a  traumatic 
perityphlitis,  but  which  proved  to  be  typhoid  fever.  In  Kayser's 
view  the  trauma  was  probably  a  factor  which  predisposed  to  the 
contraction  of  the  fever  {vide  Chap.  XII.). 

Case  3. — This  case  is  also  interesting  as  showing  how  important 
it  is  to  see  that  the  disinfection  of  excreta  is  properly  carried  out 
by  persons  who  are  found  to  be  carriers. 

A  shoemaker's  wife,  Frau  E.  (50  years),  was  discovered  to  be 
a  chronic  carrier  in  September,  1905.  In  July,  1905,  a  daughter, 
and  in  August-September  an  adult,  son  of  Frau  E.,  had  con- 
tracted typhoid  fever.  The  woman  objected  to  the  disinfection  of 
her  stools  and  resented  interference  with  her  domestic  arrange- 
ments. Near  her  house  lived  a  young  married  daughter  of  hers 
who  frequently  visited  her  along  with  her  child.     The  latter  took 
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ill  in  Septcmder,  lOOo,  and  (li(M|,  mikI   \]w  <l;mglit<'r  horf«'lf  took  ill 
and  diecl  in  ,Jiinc,  1906. 

Brik'kner  (1910)  records  anotlicr  instnnoo  of  a  IVmalo  carrif-r  who 
relused  to  carry  out  her  instnictioiis.  l\)v  some  yc^ars  she  had  l)eftn 
under  observation  as  a  carrier,  l)ut  cases  attributa})le  to  her  (continued 
to  crop  u])  from  year  to  year,  and  in  1909  had  reached  the  respectahic 
total  of  13,  includiniv  one  fatal  case. 

This  woman  decidedly  refuses  to  carry  out  her  instiuctions  and 
will,  therefore,  remain  a  standing  danger  to  th(!  (community. 

An  interesting  account  of  endemic  typhoid  fever  in  a  country 
district  associated  with  a  carrier  case  is  given  hy  Baumann  (190H) 
of  the  Metz  bacteriological  station. 

At  the  end  of  August,  1906,  the  station  at  Metz  received 
notification  from  the  station  at  Hagcnau  that  a  male  typhoid 
patient,  Michael  M.,  in  the  hospital  at  "  S,"  had  pi-obably  con- 
tracted infection  at  a  farm  "  G"  in  the  Metz  sphere  of  operations. 
It  was  ascertained  that  Michael  M.  was  engaged  only  for  a  short 
time  in  the  summer  at  "  G,"  in  the  capacity  of  shepherd  ;  that  at 
dinner  time  only  he  visited  the  farm,  and  slept  at  night  in  the 
fields.  At  the  farm  there  had  been  of  late  no  cases  or  suspected 
cases  of  typhoid  fever,  but  at  a  farm  "  R,"'  situated  half-a -kilometre 
from  "G"  a  girl  Amalie  E.  daughter  of  Leonard  E.,  the 
tenant  of  the  farms  "  G  "  and  "  E,"  had  been  suffering  for  some 
time  from  a  throat  affection.  The  shepherd  had  not  visited  this 
farm  "  R."  Amalie  E.  (25  years)  was  found  to  have  had  an 
illness  in  "R"  and  was  now  recovering.  From  the  symptoms 
alleged,  it  was  impossible  to  exclude  a  diagnosis  of  typhoid  fever. 
Specimens  of  her  blood  and  stools  had  been  sent  by  her  physician 
to  the  station  at  Metz,  but  in  spite  of  the  negative  report  he  believed 
the  case  to  be  one  of  typhoid  fever.  No  notification  was  made. 
Baumann  accordingly  examined  blood  samples  from  Amalie  E. 
and  also  from  her  sister  Fanny  E.  (31  years),  who  cooked  for  the 
farm  "G"  where  the  shepherd  had  his  meals.  This  girl  Fanny 
affirmed  that  she  had  never  suffered  from  typhoid  fever  or  any 
similar  complaint.  Five  years  ago,  however,  she  had  been  troubled 
for  some  time  with  constipation.  In  both  cases  the  Widal  test  was 
positive.  It  was  therefore  tolerably  certain  that  Amalie  E.,  whose 
first  Widal  was  negative  and  second  positive,  had  passed  through 
an  attack  of  typhoid.  Repeated  examinations  of  the  stools  of  both 
girls  were  negative.  A  sample  from  Josephine  E.,  who  also  worked 
in  the  kitchen  at  "  G,"  was  negative. 

On  28th  August  a  blood  sample  was  received  from  a  day  labourer, 
Magdalena  E.,  living  in  the  same  parish,  "J,"  who  had  been  dl  m 
June  but  had  only  now  called  in  a  physician.  This  specnnen  >yas 
positive,  but  her  stools  and  urine  were  repeatedly  negative.  Duruig 
the  summer  this  woman  was  engaged  at  the  farm  belongmg  to 
Leonard  E.,  where  she  also  got  her  midday  meal.  In  this  case  also 
it  seemed  probable  that  the  illness  had  been  typhoid  fever. 

In  the  village  "  J  "  itself  there  had  been  no  typhoid  cases  for 
several  years. 

Oi  " 

beloi 

contracted  typhoid.  ^^,^..     ^  ., 

urine   were  negative.      (This  man  later  infected  his  two  year  old 


3ral  years.  a   /o->  \ 

)n  20th  September,  1906,  a  day  labourer,  Anton  b.  (32  years), 
mging  to  "J,"  and  who  also  went  to  work  at  the  farm '' G 
bracted  typhoid  fever.     His  Widal  was  positive  but  stools  am 
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daughter  Octavia  S.  who  contracted  typhoid  fever  on  26th  November, 
and  had  a  positive  Widal  and  typhoid  bacilli  in  her  stools). 

Inquiry  was  now  instituted  at  the  farms  "  G  "  and  ''  R  "  (separ- 
ated by  3  kilometres).  At  "  G  "  two  new  cases  were  found  which 
had  not  been  notified,  viz.,  a  son  Albert  E.  (23  years)  who  took 
ill  on  23rd  September  and  a  daughter  Louise  E.  (27  years)  who 
had  been  ill  since  5th  October  (Widal  positive). 

A  sample  of  blood  was  also  taken  at  the  same  time  from  the 
father  Leonard  E.,  a  very  healthy  person.  It  was  negative. 
However,  both  from  him  and  the  other  members  of  the  family  stool 
and  urine  samples  were  taken.  In  Leonard  E.'s  stool  the  bacillus 
typhosus  was  found  on  23rd  October,  but  as  his  stool  arrived  on  the 
same  day  as  those  of  the  sick  members  of  the  family,  a  suspicion 
arose  that  the  samples  had  got  mixed.  Repeated  examination, 
however,  of  the  stools  of  Leonard  E.  proved  positive,  and  there 
was  no  doubt  that  he  was  a  chronic  carrier.  For  several  years  this 
man  had  suffered  from  gallstone  colic. 

Further  enquiry  showed  that  in  the  autumn  of  1905  in  a 
neighbouring  village  "  W,"  three  persons  had  been  ill  with  typhoid 
fever,  two  of  whom  worked  at  the  farm  "  G."  The  third  was  the 
daughter  of  one  of  these  labourers.  In  all  these  cases  the  Widal 
test  had  been  positive,  one  of  them  had  the  B.  typhosus  in  the 
urine  and  in  another  both  stools  and  urine  contained  the  bacilli. 

Alfons  M.,  brother  of  Michael  M.,  went  as  shepherd  to  the 
farm  "  G "  in  his  sick  brother's  place.  He  also  took  typhoid 
fever  (Widal  positive.  Stools  positive).  On  16th  October  three 
new  cases  were  notified,  viz.;  two  members  of  the  family  E., 
living  at  the  farm  "  G,"  and  a  case  in  the  village  "  M,"  situated 
about  5  kilometres  from  "  G."  This  latter  was  a  five-year-old  boy 
who  had  been  for  some  time  on  a  visit  to  his  grandfather  Leonard 
E.  at  "  G."  It  was  further  ascertained  that  a  brother  of  this 
boy  (7  years)  had  had  typhoid  fever  in  July  and  died  on  1st  August. 
He  also  had  previously  been  on  a  visit  to  his  grandfather  Leonard  E. 
The  two  cases  at  the  farm  "  G  "  were  a  son,  Emil  E.  (19  years)  and 
the  servant  girl  Josephine  E.  (16  years). 

No  further  cases  occurred  in  the  neighbourhood  for  some  months, 
but  on  19th  March,  1907,  another  case  in  "  J  "  was  notified.  This 
was  a  day  labourer  (stool  and  urine  positive).  On  25th  March  two 
further  cases  were  notified  from  the  neighbouring  village  of  "  L." 
These  were  two  farm  labourers  (23  years  and  25  years).  Another 
case  was  found  to  be  convalescing  but  gave  a  positive  Widal. 

All  the  four  cases  just  mentioned  had  been  employed  intermit- 
tently at  the  farm  "  G  "  as  day  labourers. 

Further  cases  had  not  occurred  in  this  locality  up  to  the  time 
of  writing. 

Thus  16  bacteriologically  proved  cases  of  typhoid  fever  in  all 
likelihood  derived  their  infection  directly  or  indirectly  from 
Leonard  E. 

l^aumann  states  that  besides  these  16  cases,  there  had  undoubtedly 
been  numerous  slight  infections  not  recognised  as  typhoid  fever  and 
where  no  physician  had  been  called  in. 

The  part  played  by  carriers  in  maintaining  the  endemicity  of 
enteric  fever  in  country  districts  is  further  exemplified  by  the  four 
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cases  reported  l)y  Wall,  Medical  ()tK(;ur  ot  Iloallli,  Al)enl«;ciishiro, 
1909,  in  Ids  report  on  the  hcaltli  of  th(^  County  for  iIk;  year  190H. 
My  thardvs  are  due  to  Dr.  \V:itt  lor  kindly  siipplvin^r  m,.  with 
additional  data.  One  ot  the  four  cases  will  he  descrihed  in  (icLail 
in  Chapter  IV.  The  histories  of  the  other  three  ca-ses  are  briefly 
as  follows  : — 

Casr  1. — A  female  carrier  (a<^ed  iW)  years)  was  discovered  in 
connexion  with  a  case  of  enteric  fever  on  a  farm  "  S  "  in  Aber- 
deenshire in  August,  1908.  The  ])ers()n  attacki'd  was  the  fanner, 
who  died,  and  the  carrier  was  his  housekeeper.  This  woman  h;id 
had  enteric  fever  in  19()[)  wliile  a  ])aticnt  in  a  hniatic  asylum  (see 
account  of  carrier-cases  in  this  asylum,  Chapter  V.).  Soon  after 
lier  recovery  from  the  fever,  which  was  a  severe  one,  she  was 
tlischarged  from  the  asyhim  and  went  to  reside  at  a  farm  ^'  B  '*  for 
a  short  time.  At  this  farm  an  outbreak  occurred  and  it  was 
ascertained  that  this  Avoman  had  been  livino-  at  the  farm  when  the 
first  case  occurred  there.  Subsequent  outbreaks  occurred  in  places 
where  she  was  employed  as  cook  or  cook-housekeeper.  Hotel 
in  "K,"  1901,  October,  three  cases.  Farm  ''A,"  1902,  April, 
three  cases. 

Also  at  another  house  where  she  was  in  service  during  lij02,  the 
master  and  his  daughter  were  attacked  by  an  illness  which  in  the 
light  of  subsequent  events  may  be  regarded  as  having  possibly  been 
typhoid  fever,  though  not  diagnosed  as  such. 

Farm  "  O,"  1905,  January,  two  cases.     Farmer  and  his  son. 

Farm  "  F,"  1907,  August,  two  cases.     Male  servants. 

It  is  interesting  to  note  that  in  view  of  the  danger  arising  to 
the  community  from  this  woman,  the  Local  Authority,  with  the 
consent  of  the  Local  Government  Board  for  Scotland,  resolved  to 
grant  her  an  allowance  of  five  shillings  a  week  until  she  reached  the 
age  when  she  would  be  entitled  to  a  pension,  on  condition  that  she 
did  not  engage  in  any  work  involving  the  handling  of  food.  This 
offer  was  accepted. 

Case  2. — This  female  carrier  (aged  43  years)  was  discovered  in 
connexion  with  an  outbreak  of  typhoid  fever  at  a  farm,  involving 
three  people,  viz.,  two  male  servants  and  one  female  servant. 

The  daughter  of  the  carrier  was  also  attacked.  A  sister-in-law 
of  the  carrier  (who  was  the  farmer's  wife)  was  living  in  the  neigh- 
bourhood as  a  summer  visitor  and  getting  milk  from  her  farm. 
She,  too,  with  her  two  daughters  developed  enteric  fever  on  their 
return  to  Aberdeen. 

There  had  been  previous  outbreaks  at  this  farm  in  1S92,  1897 
and  190d.  It  was  in  1890  that  the  farmer's  wife  had  her  ])rimary 
attack  just  before  her  marriage.  She  and  her  husband  took  the 
farm  in  1892  and  the  first  outbreak  occurred  in  that  year,  when  the 
persons  attacked  were  (1)  the  husband,  arged  28  ;  (2)  a  child,  aged 
13  months  ;  (3)  a  brother  of  the  farmer  who  assisted  with  the  farm 
work.     There  had  been  no  previous  cases  at  this  farm. 

In  1897  a  man-servant  and  in  190(3  a  child  of  nine  months  were 
notified  as  cases  of  typhoid  fever.  Other  illnesses  had,  however, 
occurred  in  the  family,  and  these  the  medical  attendant  is  now 
inclined  to  regard  as  having  been  probably  ty[)lioid  fever. 
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Case  3. — This  female  carrier  (aged  28  years)  was  the  Avife  of  a 
cottar  on  a  farm.  She  had  liad  enteric  fever  in  August,  1907.  in 
August  and  September,  1908,  an  outbreak  of  typhoid  fever 
occurred  in  two  adjoining  cottar  houses,  one  of  which  was  occupied 
by  the  carrier.  The  persons  attacked  were  the  carrier's  husband, 
and  a  child  and  a  brother-in-law  of  her  neighbour,  who  worked  in 
a  neighbouring  town  but  spent  the  week-ends  at  the  farm.  The 
two  houses  Avere  served  by  cue  privy  which  was  in  a  very  foul 
condition. 

The  bacteriological  work  in  connection  with  these  cases  of 
Dr.  Watt  was  carried  out  in  the  Pathological  Department  of  the 
University  of  Aberdeen  by  Dr.  A.  R.  Laing, 

Irwin  and  Houston  (1909)  of  Belfast  have  put  on  record  a  series 
of  typhoid  infections  due  to  a  female  urinary  carrier.  She  had 
had  enteric  fever  seven  years  previously  when  she  was  a  servant  in 
a  family  at  Discard.  Since  her  illness  she  had  not  enjoyed  good 
health  and  complained  of  frequent  headaches  and  gastric  disturl)- 
ances.  After  her  recovery  from  the  fever  she  took  another 
situation  in  Discard,  but  she  had  not  been  a  month  in  her  new  post 
before  the  master  of  the  house  developed  enteric  fever.  During 
the  next  two  years  she  was  in  different  situations  but  nothing  of 
importance  occurred.  Slie  then  Avent  to  Diverpool  and  while 
serving  in  a  family  there,  the  son  of  her  mistress  developed  enteric 
fever.  Finally  she  went  to  Belfast,  and  while  she  was  in  service  in 
that  city  four  people  living  in  the  same  house  with  her  developed 
typhoid  fever.  In  seven  years  therefore  six  people  living  in  the 
same  houses  with  her  had  contracted  this  disease.  The  urine  of 
this  Avoman  contained  large  numbers  of  typhoid  bacilli  but  the 
faeces  were  negatiA^e.  Her  serum  gave  an  incomplete  Widal 
reaction. 

Recently  Johnstone  (1910-a)  has  reported  to  the  Docal  Govern- 
ment Board  on  the  association  of  carriers  Avith  endemic  ty})hoid 
fever  in  a  small  Buckinghamshire  hamlet.  This  hamlet  (Jennet 
Hill)  consists  merely  of  a  feAV  cottages  distributed  in  tAvo  groups, 
(1)  a  roAV  of  10  dwellings  known  as  Dailey's  Row,  facing  upon  a 
cul-de-sac  off  the  main  road  between  Stanford  Dingley  and  Clay 
Cross,  and  (2)  nine  dAvellings  scattered  irregularly  along  the 
^ame  road  in  the  direction  of  Stanford  Dingley  and  in  the 
direction  of  Clay  Cross.  The  population  of  Jennet  Hill  itself  is 
not  more  than  80  persons  and  if  the  neighbouring  hamlets  of 
Stanford  Dingley,  Clay  Hill  and  Bucklebury  Common  be  added, 
the  population  of  Jennet  Hill  and  its  vicinity  probably  does  not 
amount  to  400. 

During  the  period  1893-1907,  36  cases  of  enteric  fever  Avere 
notiHed  from  the  rural  district  outside  the  vicinity  of  Jennet  Hill 
Avith  a  population  of  about  15,000,  while  from  Jennet  Hill  itself 
and  its  vicinity  26  cases  Ajcre  notified.  During  the  period  1896- 
1907,  25  cases  Avere  notified  from  Jennet  lliil  and  its  vicinity  Avhile 
only  24  were  notiBed  from  the  remaijider  of  the  rural  district. 
Jennet  Hill  itself,  Avith  a  ])opulation  of  80  people,  supplied  no 
fcAver  than  16  of  these  25  cases. 

The  following  table  sliows  the  number  of  cases  of  enteric  ^ayvA' 
year  by  year  in  the  vicinity  of  Jennet  Hill  and  in  the  i-emainder  of 
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the    rural    district    of     Briidficld    respectively,    during    the    period 
189:3-1907. 


Jennet 

Rest  of  Rural 

Jennet     Rest 

of  Rural 

Hill. 

District. 

Hill.            District. 

1893   ... 

1 

1 

1901    .. 



6 

1894   ... 

— 

4 

1902  .. 

2 

2 

1895  ... 

— 

7 

1903   .. 

- 

— 

1896   ... 

4 

1 

1904  .. 

3 

- 

1897   ... 

8 

2 

1905  .. 

- 

3 

1898   ... 

2 

3 

1906   .. 

1 

1 

1899   ... 

0 

2 

1907   .. 

4 

2 

1900  ... 

1 

2 

A  marked  lack  of  correspondence  between  the  two  parts  of  the 
rural  district  is  evident  in  most  years,  especially  in  1894, 1895,  1897 
and  1901,  and  although  the  total  number  of  cases  was  small,  tlie 
discrepancy  suggested  the  existence  of  some  influence  which  affected 
more  particularly  the  neighbourhood  of  Jennet  Hill. 

In  1908  an  enquiry  was  made  by  Dr.  Johnstone  with  a  view  to 
ascertaining  the  cause  of  this  special  incidence  of  enteric  fever  on 
Jennet  Hill,  and  in  this  connexion  attention  was  at  first  mainly 
directed  to  water  supply,  milk  supply,  uncooked  foods,  mineral 
waters,  and  excrement-disposal.  The  evidence  on  these  points  must 
be  consulted  in  the  original,  but  it  is  sufficient  to  note  here  that  no 
satisfactory  solution  of  the  excessive  incidence  of  enteric  fever  on 
Jennet  Hill  was  reached  as  the  result  of  this  enquiry. 

The  question  then  arose  as  to  the  possibility  of  carriers  placing  a 
part  in  the  dissemination  of  enteric.  Particular  attention  was 
directed  to  Lailey's  Row,  as  only  four  of  the  ten  houses  composing 
this  row  had  escaped  the  fever.  Moreover,  three  of  these  four 
houses  had  but  few  inhabitants,  and  these  of  an  age  which  would 
render  them  little  susceptible  to  the  disease.  Circumstances  con- 
nected with  the  occurrence  of  further  cases  of  enteric  fever  in  1909, 
at  Lailey's  Row,  and  also  in  relation  with  a  family  that  had  until 
recently  resided  there,  strengthened  the  suspicion  that  a  carrier 
might  be  the  disseminating  agency  of  the  disease.  On  March  27th, 
1909,  a  boy  of  six,  living  a  No.  8,  Lailey's  Row,  developed  enteric 
fever.  This  boy  came  to  Jennet  Hill  in  October,  1908,  with  his 
family,  consisting  of  father,  mother,  and  another  brother  aged  14. 
He  had  not  been  in  contact  with  any  known  case  of  enteric  fever 
and  he  had  partaken  of  no  suspicious  food  or  drink. 

The  former  occupants  of  No.  8,  Lailey's  Row  had  gone  to  a 
house  about  three  miles  away,  and  two  persons  were  notified  as 
sufiering  from  enteric  fever  shortly  after  their  return  (March  1909) 
from  a  visit  to  this  house. 

In  May  a  child  of  one  year,  residing  at  No.  9,  Lailey's  Row, 
took  ill.  She  had  been  in  this  house  since  October  18tli,  1908. 
The  symptoms  were  obscure  but  not  inconsistent  with  a  diagnosis 
of  typhoid  fever,  although  examination  of  the  stools  in  the  third 
week  after  onset  was  negative. 

In  the  meantime  endeavours  were  being  made  to  obtain  samples 
of    excreta   (fieces    and    urine)   and    samples    of    blood    from    the 
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inhabitants  of  Jennet  Hill,  and  especially  from  those  living  In 
Lailey's  Row.  Great  difficulty  Avas  experienced,  but  ultimately 
samples  of  faeces  and  urine  were  got  from  18  persons,  14  of  whom 
resided  in  Lailey's  Kow,  also  a  sample  of  faeces  from  another 
person  who  formerly  lived  io  No.  8,  Lailey's  Row.  Blood  samples 
were  received  from  15  persons,  all  residing  in  Lailey's  Row.  None 
of  these  persons  were  known  to  have  had  enteric  fever.  Six,  how- 
ever, gave  a  positive  AVidal  reaction  (1  in  100),  while  one  gave  a 
partial  reaction  (1  in  50).  Four  of  the  samples  of  faeces  contained 
typhoid  bacilli  in  large  numbers,  and  repeated  examinations  of 
these  were  made  : 

A.  Positive  on  May  13th,  1909,  June  18th,  July  3rd.    Negative 

on  June  4th  and  July  16th. 

B.  Positive  on  June  4th  and  July  16th. 

C.  Positive  on  June  4th  and  July  16th. 

D.  Positive  on  May  18th,  June  2nd,  July  9th.     Negative  on 

July  24th. 
The  sera  of  A,  B  and  D  gave  a  negative  Widal  reaction,  while 
that  of  C  gave  a  positive  reaction. 

The  carriers  A,  B  and  C  belonged  to  one  family,  being 
mother,  father  and  son  respectively.  The  mother  presented  no 
history  of  enteric  fever.  In  1888  she  came  to  reside  at  Clay  Hill, 
next  door  to  the  house  in  which  a  case  occurred  in  1893.  She 
stated  that,  while  at  Clay  Hill  her  husband  B.  and  her  two  sons, 
one  of  whom  was  C,  had  enteric  fever  in  April,  1891.  In 
October,  1893,  she  removed  to  No.  9,  Lailey's  Row,  but  no  cases 
were  notified  from  Jennet  Hill  till  July,  1896.  There  may  have 
been  unrecognised  cases,  however.  From  1896  onwards  cases 
continued  to  crop  up  in  Lailey's  Row  and  its  neighbourhood,  seven 
of  them  occurring  in  the  houses  next  door  to  A. 

The  husband  and  son  were  both  difficult  persons  to  deal  with, 
and  there  was  doubt  as  to  whether  the  samples  of  faeces  received 
from  them  were  samples  of  their  own  faeces  or  of  the  mother's 
faeces. 

The  carrier  D.   was    a    married  woman    who    came  to  Lailey's 
Row  in  September,  1903.     She  had  no  history  of  enteric  fever,  nor 
was  there  any  history  of  enteric  fever  in  families  with  which  she 
had  lived  as  a  domestic  servant.     In    her  own  family  no  case  of 
enteric  fever  is  known  to  have  occurred  until  October,  1906,   when 
her  husband  was  attacked.     Two  cases  (see  above)  occurred  in  con- 
nexion with  the  house  she  has  occupied  since  leaving  Lailey's  Row. 
As   only   a  limited  number  of  examinations  was   practicable,  it 
appeared  possible  that  there    might   be   other  carriers   at   Jennet 
Hill  ;  although  the  detection  of  two  undoubted  carriers  as  well  as 
of  two  persons  in  whom  the  presence  of  this  condition  is  not  yet 
free  from  doubt,  is  sufficiently  remarkable  in  so  small  a  community. 
Hilgermann  (1908)  reports  a  series  of  carrier  infections  in  the 
district  of  Coblenz  (seven  carriers).     One  or  two  of  these  (house 
cases)  may  be  referred  to  in  this  chapter. 

An  old  woman  of  71  years  had  long  been  suspected  of  causing 
fresh  ty))h()id  infections  which  broke  out  from  time  to  time  among 
the  newly-imported  servants.  She  had  absolutely  refused,  how- 
ever, to  sui)ply  sj)ecimens  of  her  ficces  for  examination.      In  ,1907 


41 

another  series  of  three  (!ases  occurred  in  her  house.  Samples  were 
now  insisted  upon  and  obtained  and  her  faeces  gave  a  pure  cultuie 
of  typlioid  bacilli.  It  was  ascertained  as  the  result  of  furthc^r 
enquiry  that  from  1895  to  1007  (she  herself  had  had  enteric  fever  in 
1894)  she  had  iufected  15  persons  altogether,  viz.,  1895,  one  case  ; 
1900,  two  cases;  1902,  two  cases;  1903,  three  cases;  1905,  four 
cases  ;  1907,  three  cases. 

The  other  six  carriers,  all  of  whom  were  middle-aged  females, 
had  each  given  rise  to  one  or  two  infections  only,  and  that  too, 
although,  in  Hilgermann's  view,  they  must  have  been  in  all  pro- 
bability excreting  typhoid  bacilli  continuously.  Many  instances  of 
intermittent  infectivity  of  carriers  are  discussed  throughout  this 
memoir,  but  some  data  may  be  given  here  which  tend  to  show  that, 
though  infections  appear  to  be  particularly  frequent  among  persons 
coming  for  the  first  time  into  contact  with  carriers  {vide  Conradi's 
view.  Chapter  XII.),  there  are  numerous  cases  showing  that 
persons  who  have  been  a  very  considerable  time  in  association  with 
a  carrier  may  suddenly  contract  infection. 

Thus  one  of  Hilgermann's  carriers  (female)  after  a  lapse  of  five 
years  after  her  primary  attack,  infected  two  persons,  with  one  of 
whom  she  had  had  constant  social  intercourse.  Another  carrier 
(two  years  after  her  primary  attack)  infected  her  nephew  who  had 
been  a  year  with  her  in  the  house.  Also  a  case  of  marital  infection 
occurred  on  this  occasion  through  the  agency  of  a  female  carrier. 
This  woman  had  caused  in  1904  a  severe  outbreak  of  typhoid 
fever  in  the  Bavarian  Pfalz.  Three  years  later  her  husband 
contracted  the  fever.  It  appeared  that  this  woman  had  managed 
to  escape  the  continual  supervision  of  the  typhoid  station  by 
frequently  changing  her  abode.  She  had  apparently  paid  no 
attention  to  instructions  as  to  disinfection. 

Similar  cases  of  marital  infection  have  not  frequently  been 
recorded,  and  it  would  appear  that  in  some  instances  at  least  the 
carrier-state  may  not  have  been  acquired  as  the  result  of  any 
obvious  precedent  infection.  Mayer  (1908)  records  such  a 
case  : — 

On  23rd  September,  1902,  a  servant  girl  in  "D"  entered  on  her 
service  in  the  place  of  a  sister  who  was  ill  Avitli  typhoid  fever  and 
in  hospital.  Later,  on  5th  October,  this  girl  herself  contracted 
typhoid  fever.  After  some  years  she  married  a  certain  Johannes  H. 
in  "  O."  A  small  epidemic  occurred  in  this  hamlet,  and  there  was 
an  investigation,  with  the  result  that  both  Johannes  H.  and  his  wife 
were  found  to  be  chronic  carriers.  The  husband,  so  far  as  he 
could  remember,  had  never  suffered  from  any  abdominal  disturbance, 
and  the  only  conclusion  that  could  be  arrived  at  w^as,  that  he  had 
become  a  temporary  carrier  as  the  result  of  association  with  his 
wife,  who  after  her  attack  in  1902  continued  to  excrete  typhoid 
bacilli.  From  being  a  temporary  carrier  he  had  developed  into  the 
chronic  stage. 

We  have  to  bear  in  mind  not  only  the  possibility  of  marital  cases 
like  the  above,  but  also  of  the  occurrence  of  multiple  carriers  in  a 
single  family.  Fornet  (1909)  who  has  recently  em})loyed  this  fact 
in  support  of  his  view  that  the  carrier-state  is  an  immunity-pheno- 
menon,  reports    that  in   the  course    of    the   typhoid    campaign  in 


4^ 

South- West  Germany,  no  fewer  than  26  families  were  discovered  in 
whicli  at  least  two  and  sometimes  three  members  were  carriers. 

I  shall  discuss  in  Chapter  XII.  Fornet's  view  as  to  the  nature  of 
the  carrier-state,  and  the  evidence  he  adduces  in  support  of  his  view, 
but  I  may  explain  here  that  his  belief  is,  that  the  carrier-state  is  the 
consequence  of  a  symptomless  re-infection,  and  that  the  bacilli  shed 
by  the  chronic  carrier  may  not  necessarily  be  the  lineal  descendants 
of  the  strain  which  caused  the  primary  infection.  The  multiple 
occurrence  of  carriers  in  families  he  would  explain  on  the  assumption 
that  all  -weie  similarly  exposed  both  to  the  conditions  which  rendered 
the  primary  infection  possible,  and  to  those  which  resulted  in  the 
second  or  symptomless  infection,  culminating  in  the  carrier-state. 

It  would  take  too  much  space  to  refer  even  in  summary  terms  to 
the  extraordinary  chain  of  typhoid  cases  which  Mayer,  G.  (1910) 
has  recently  put  on  record  in  summing  up  his  investigations  into 
endemic  typhoid  fever  in  the  Bavarian  Pfalz  during  the  period  1903- 
1908.  Accompanying  his  report  is  a  remarkable  "  Stammbaum  " 
or  genealogical  tree  in  which  196  cases  appear,  all  of  which  he 
attributes,  recently  or  remotely  to  contact  with  one  single  case.  The 
report  must  be  consulted  in  the  original,  but  it  may  be  noted  that  13 
chronic  carriers  make  their  appearance  in  the  table,  and  to  these 
Mayer  attributes  prime  importance  in  the  spread  of  endemic 
typhoid  fever. 

Further  interesting  house  cases  and  village  cases  have  been 
reported  by  Seitz  (1909)  of  Berlin,  and  Schumacher  (1909-^)  of 
Trier,  the  latter  of  "whom  has  also  contributed  certain  valuable  data 
which  will  be  referred  to  in  the  chapter  on  the  statistics  of  carrier- 
infectivity  (Chapter  XIII.). 


CHAPTEE   IV. 


Instances  of  Infectivity  of  Cauiueks — coutd. 

Milk-Borne   Cases, 

Jn  the  foregoing  section  illustrative  cases  have  been  recorded  of 
small  outbreaks  of  enteric  fever  in  individual  houses  or  neighbouring 
groups  of  houses,  due  to  association,  of  diverse  kinds,  with  carriers. 

The  transmission  of  infection  from  the  carrier  to  the  healthy,  has 
been  in  many  cases  through  food-stufFs  contaminated  by  the  carrier, 
but  the  exact  history  of  the  infective  agent  in  its  passage  to  the 
new  host,  especially  in  the  absence  of  cleanly  personal  habits  either 
on  the  part  of  the  carrier  or  his  or  her  associates,  cannot  in  all  cases 
be  satisfactorily  determined. 

In  the  milk-spread  cases  which  have  been  recorded  during  the 
last  few  years,  tlie  infection  has  taken  hold  of  comparatively  large 
groups  of  cases  and  has  been  of  a  more  or  less  explosive  character. 
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In  tlic  cases  now  to  be  described  the  foniitain  bead  of  tlie 
inl'ection  has  proved  to  be  some  worker  in  the  dairy  from  which 
the  attacked  consumers  obtained  their  milk  supply.  I  shall  first 
refer  to  the  outbreak  recorded  by  Kossel  (1907). 

In  the  summer  of  1906,  25  cases  of  typhoid  fever  occurred  in  a 
town  of  60,700  inhabitants.  These  occurred  in  groups  during  the 
months  of  May  (three  cases),  June  (five  cases),  July  (six  cases),  and 
August  (1 1  cases). 

Twenty-one  out  of  the  25  cases  obtained  their  milk  from  the  same 
milk  shop  in  "  O."  The  milk  was  often  drunk  raw  but  in  two  cases 
it  was  boiled,  the  unboiled  cream  being  used,  however,  in  the  pre- 
paration of  ice  pudding.  The  hygienic  arrangements  of  the  milk 
shop  were  not  satisfactory  but  in  spite  of  the  improvements  carried 
out  in  view  of  the  earlier  cases,  a  further  outburst  of  cases  took 
place  in  August.  It  w^as  therefore  suspected  that  the  milk  became 
infected  at  the  farms  supplying  the  milk  shop.  Three  diflferent  farms 
supplied  milk,  but  as  one  of  these  also  sent  milk  to  a  large  town 
"  F,"  where,  during  November  1905-March  1906,  numerous  cases 
of  enteric  fever  had  occurred,  suspicion  naturally  attached  itself  to 
this  particular  farm.  The  excreta  of  15  persons  at  the  farm  were 
examined  and  on  29th  October,  1906,  a  carrier  was  discovered  in 
the  person  of  a  male  who  fed  the  swine  and  who  also  milked  5-10 
cows  daily.  This  person  presented  no  history  of  typhoid  fever.  He 
had  been  employed  for  20  years  at  the  farm  but  he  came  originally 
from  a  Adllage  "  B  "  where  typhoid  fever  had  been  epidemic. 
Repeated  examinations  of  the  faeces  of  this  man  were  positive  and 
he  w^as  accordingly  forbidden  to  milk.  The  expectation  that  no 
further  cases  would  occur  was  not  realised,  for  in  May,  1907,  a 
single  case  occurred  in  "  F,"  also  attributable  to  milk  from  this 
farm.  On  enquiry  it  was  found  that  the  swine-feeder,  contrary  to 
orders,  was  again  employed  in  the  dairy. 

From  the  Strassburg  Institute  tw^o  outbreaks  are  reported  by 
Kayser  (1906-^*).  On  23rd,  29th  and  30th  March,  1905  five  people 
living  in  different  streets  of  the  same  quarter  of  Strassburg  fell  ill 
with  typhoid  fever,  and  one  died.  All  had  drank  ra^v  milk  procured 
from  a  milk-seller  "  H."  This  man  kept  a  book  in  wliicJi  were 
noted  the  names  of  the  farms  supi)lying  tlie  milk  through  him  to 
his  various  customers  and  from  this  book  it  was  found  that  the  milk 
consumed  by  the  five  cases  came  from  two  farms  in  the  country 
district  round  Strassburg.  On  enquiry  at  these  houses  all  were 
found  healthy.  One  boy  of  12,  however,  was  found  to  have  had 
an  indefinite  illness  about  six  months  before.  His  stools  were 
examined  on  25th  April,  1905,  and  found  to  contain  large  numbers 
of  typhoid  bacilli.  According  to  Kayser  the  milk  might  have 
become  contaminated  in  various  ways.  He  states  that  it  might 
have  been  soiled  directly  by  liquid  manure  from  the  cow-shed  or 
the  milk-pails  may  have  been  washed  out  with  water  from  an 
unsatisfactory  well  situated  close  to  the  privy.  All  the  other 
members  of  the  houseliold,  including  the  mother,  wdio  suifered  from 
gall  stones,  had  negative  fajces. 

In  the  other  farm  the  hygienic  precautions  taken  in  connexion 
with  the  milk-operations  were  certainly  bad,  but  no  evidence  of 
infection  could  be  found. 
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In  the  same  year  another  small  milk-borne  epidemic  occurred  in 
Strassburg,  involving  17  cases,  with  two  deaths.  The  cases  arose 
in  two  groups,  niz.,  eight  between  5th  and  23rd  June,  1905,  and 
nine  between  the  commencement  and  the  26th  of  August.  All  had 
drunk  raw  milk  coming  from  the  same  milk  shop  which  sold  mixed 
milk  only.  It  was  therefore,  with  some  difficulty,  and  much  touring 
among  the  farmers  who  supplied  the  milk  that  the  enquiry  could  be 
prosecuted.  In  the  course  of  the  investigation,  information  was 
received  that  in  a  certain  family  D.  a  typhoid  case  had  occurred 
in  the  past.  Serum  tests  were  made  from  the  members  of  this 
family  and  that  of  Frau  D.  gave  a  positive  reaction  on  25th 
August.  On  27th  September  the  fasces  of  the  members  of  this 
family  were  examined,  and  in  those  of  Frau  D.  who  was  engaged 
in  the  milk  business  the  typhoid  bacillus  was  demonstrated.  The 
milk  from  this  particular  house  was  ordered  to  be  pasteurised  daily 
before  being  offered  for  sale.  No  further  cases  occurred  which 
could  be  brought  into  relationship  with  the  dairy. 

Chambers  and  Buchanan  (1908),  report  an  outbreak  of  milk-borne 
enteric  in  Glasgow  associated  Avith  a  carrier  case.  The  notifications 
susfgested  tAvo  distinct  waves  of  infection.  The  first  was  irregular 
and  involved  eight  cases.  After  a  lapse  of  six  days  during  which 
no  notifications  were  received,  the  second  wave  arose  which  was 
maintained  unbroken  till  the  end  of  the  epidemic.  In  the  authors' 
view  this  second  wave  presented  the  true  characters  of  a  milk-borne 
epidemic,  viz.,  rapid  increase  of  the  daily  notifications  and  of  the 
numbers  sickening  simultaneously. 

The  irregular  character  of  the  first  wave  was  explained  by  the 
discovery  of  a  chronic  carrier  ;  the  secondary  wave  arose  because 
one  of  the  cases  infected  by  the  carrier  was  a  member  of  a  family 
supplying  a  portion  of  the  milk.  The  carrier  was  a  milk  woman, 
who  had  a  history  of  previous  association  with  enteric  fever. 
Sixteen  yeai's  previously  she  had  had  enteric  fever  along  with  most 
of  her  family. 

Lumsden  and  Woodward  (1909)  record  a  milk  outbreak  in 
Washington  involving  54  cases.  Of  these,  33  received  milk  from 
a  milk  dealer  A.  and  2!  from  a  milk  dealer  B.  During  the 
twelve  months  preceding  this  outbreak  no  cases  had  occurred  in 
households  supplied  by  A.  while  7  cases  had  occurred  in  house- 
holds supplied  by  B.  At  the  beginning  of  this  outbreak  the 
prevalence  of  typhoid  fever  generally  in  the  district  of  Columbia 
was  on  the  decline.  Only  the  sections  of  the  city,  supplied  with 
milk  by  these  two  dealers,  were  involved,  and  in  these  sections  the 
(;ases  were  confined  to  persons  consuming  milk  from  these  two 
dealers.  Among  the  customers  of  other  dairymen  supplying  the 
Bame  section  of  Washington,  there  was  no  unusual  number  of 
cases. 

Forty-five  households  were  affected  and  in  eight  instances  two  or 
more  members  of  the  same  household  took  ill.  There  were  15 
instances  in  which  those  members  of  the  household  who  used  milk 
freely  were  affected,  while  those  who  used  none  or  used  it  sparingly, 
esc;ii)od.  There  were  eight  fatal  cases,  «.e.,  a  mortality  rate  of 
14'H  per  cent. 
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The  following^  table  shows  the  distribution  of  the  cases  according 
to  age  and  sex. 


Age-Groups. 

Number  of  Cases. 

Male. 

Female. 

Total. 

0-4 

4 

1 

5 

5-9 

5 

8 

13 

10-14 

5 

3 

8 

15-19 

2 

2 

4 

20-24 

3 

3 

G 

25-29 

1 

G 

7 

30-34 

3 

1 

4 

35-39 

1 

2 

3 

40-44 

0 

1 

1 

45-49 

0 

0 

0 

50-54 

0 

0 

0 

55-59 

0 

0 

0 

GO-64 

I 

1 

2 

G5-69 

0 

1 

1 

Totals 

25 

29 

54 

Thus  the  majority  of  the  cases  were  among  children,  about 
50  per  cent,  of  the  cases  being  in  persons  under  15  years  of  age. 

The  following  particulars  with  regard  to  the  source  of  the  milk 
delivered  by  the  two  dealers  A.  and  B.  are  taken  from  an  account  of 
this  outbreak  in  a  Bulletin  of  the  Hygiene  Laboratory  by  Rosenau, 
Lumsden  an^  Kastle  (1909). 

The  dealer  A.  received  milk  from  his  own  dairy  farm  and  also 
a  daily  supply  of  40  gallons  from  the  dairy  farm  of  a  Mrs.  X. 
Among  the  consumers  of  this  mixed  milk  33  cases  of  typhoid 
fever  occurred  with  onsets  of  illness  dating  from  24th  September 
to  22nd  October. 

The  dealer  B.  received  milk  from  21  farms  including  a  daily 
supply  of  20  gallons  from  the  farm  of  the  same  Mrs.  X. 
Among  his  clients,  21  cases  of  typhoid  fever  occurred  with  onsets 
of  illness  dating  from  24th  September  to  24th  October. 

Mrs.  X.  in  addition  to  supplying  the  dealers  A.  and  B. 
retailed  4  gallons  daily  to  11  households  in  one  of  which  three 
cases  of  fever  occurred  with  onsets  of  illness  dating  from 
3rd  October  to  17th  October, 
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The  farm  of  Mrs.  X.  was  therefore  suspected  as  the  source  of 
the  infection  and  as  there  had  been  no  suspicious  illnesses  on  this 
farm  or  in  its  neighbourhooci,  the  possibility  of  a  carrier  suggested 
itself.  Specimens  of  stools  and  urine  from  all  the  13  persons  on 
the  farm  were  examined  and  all  were  negative  except  the  fa3ces  of 
Mrs.  X.  This  woman  had  had  typhoid  fever  18  years  before 
and  had  been  in  excellent  health  since.  She  had  more  to  do  with 
handling  the  milk  than  any  of  die  others  concerned.  The  milk 
was  liable  to  be  contaminated  in  other  ways,  as  Mrs.  X's. 
excreta  were  being  deposited  in  an  open  privy  on  the  place. 

From  16th  October,  1908,  when  Mrs.  X.  was  discovered  to  be 
a  carrier,  the  sale  of  milk  from  this  farm  was  discontinued  by 
order  of  the  health  officer.  Eight  days  later  (24th  October)  the 
last  cases  occurring  among  the  customers  of  A.  and  B.  had  their 
definite  onset  of  typhoid  fever. 

Judging  by  the  dates  of  onset  in  the  different  cases,  the  infection 
appeared  to  have  been  more  or  less  constantly  in  the  milk  for  about 
one  month.  Mrs.  X.  had  been  in  the  dairy  business  for  five  years 
and  it  is  remarkable  that  infection  had  not  sooner  occurred.  No 
further  specimens  of  her  excreta  could  be  obtained. 

One  of  the  most  instructive  milk-spread  epidemics  due  to  carrier 
infection  is  that  reported  by  Scheller  (1908). 

For  fourteen  years  (1894--1907)  enteric  fever  had  been  prevalent 
on  an  estate  in  the  neighbourhood  of  Konigsberg.  Thirty-two 
persons  had  been  certainly  infected,  but  there  may  have  been  many 
more,  who  had  slight  attacks  only.  The  people  affected  had  all  to 
do  with  the  estate  and  there  were  no  cases  notified  in  the  village 
adjoining  the  estate.  The  evidence  did  not  point  to  the  water 
supply  as  the  source  of  infection,  and  measures  of  house  disinfec- 
tion were  fruitless  in  stemming  the  outbreaks.  An  extensive 
investigation  was  then  undertaken  from  tlie  carrier  point  of  view. 

Eight  of  the  32  persons  attacked  had  their  own  cow,  while  23 
others  received  their  milk  regularly  from  the  estate.  In  one  case 
it  was  no  longer  possible  to  ascertain  whether  the  family  concerned 
had  possessed  a  cow  of  their  own  or  not.  The  total  number  of 
people  who  were  supplied  with  milk  from  the  estate  was  about  40, 
while  the  number  who  possessed  their  own  cow  was  140.  With 
regard  to  the  8  cases  of  this  latter  series,  it  was  ascertained  that 
though  they  had  their  own  cows,  they  applied  for  milk  to  the  estate 
when  the  cows  went  "  dry."  The  presumption  was  therefore  strong 
that  some  relationship  would  be  found  between  the  milk  supply 
from  the  estate  and  the  cases  of  enteric  fever.  The  milk  that  was 
not  consumed  on  the  spot  was  not  sold,  but  was  employed  for  the 
feeding  of  swine.  Only  the  butter  was  sold  to  certain  people  and 
amongst  these  no  cases  of  typhoid  fever  occurred.  It  was  thus 
explained  why  the  epidemic  remained  a  local  one. 

The  personnel  of  the  dairy  was  then  enquired  into.  One  woman, 
Frau  U.,  was  found  to  have  had  typhoid  fever  1 7  years  previously. 
She  had  been  engaged  on  the  estate  for  about  thirty  years.  From 
tlie  estate  books  it  was  ascertained  that  she  had  commenced  dairy- 
work  14  years  before,  and  just  a  short  time  before  the  occurrence 
of  the  fii'st  case  of  typhoid  fever.  Her  stools  contained  typhoid 
bacilli  practically  in  piu'c  culture,  and  they  were  occasionally 
demonstrable  in  the  urine. 
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Bac.terlolof^ical  investigation  was  then  made  ot*  the  excreta  of  the 
40  persons  who  consumed  the  milk  from  the  estate,  or  wlio  assisted 
in  any  capacity  in  tlie  dairy  work.  Of  tliese  40  persons  no  fewer 
than  18  were  found  to  be  carriers.  One  was  the  woman  above 
mentioned.  Of  the  others,  four  had  had  enteric  some  considerable 
time  previously,  while  in  the  remaining  13  no  record  of  a  previous 
attack  could  be  ascertained.  The  four  carriers  who  had  had  enteric 
fever  previously  could  have  played  no  part  in  spreading  the  infection 
by  milk,  as  they  had  never  had  anything  to  do  with  its  ])re- 
paration. 

A  large  proportion  of  the  140  persons  who  received  no  milk 
from  the  estate  was  also  examined  but  with  negative  results. 

The  point  to  be  determined  now  was  whether  the  woman  already 
mentioned  was  a  genuine  chronic  carrier  or  whether  the  other  17 
carriers  w^ere  also  to  be  classed  as  such. 

It  may  be  noted  here  that  these  17  persons  were  examined  on 
three  occasions  at  intervals  of  12  days.  Four  were  found  to  be 
passing  typhoid  bacilli  both  in  the  stools  and  in  the  urine,  seven  in 
the  stools  only  and  six  in  the  urine  only.  The  following  test  was 
made.  Frau  U.  was  discharged  from  her  dairy-work  and  all  the 
other  carriers  who  were  engaged  in  the  milk  business  were  strictly 
enjoined  to  wash  their  hands  in  lysol  before  milking.  Further, 
the  milk  that  was  not  used  for  butter  was  boiled  before  distribution. 
The  urinary  carriers  also  received  urotropin.  After  a  month  under 
this  regime  all  the  carriers  were  again  examined  when  it  was  found 
that  Frau  U.  was  still  discharging  bacilli  in  large  numbers  while 
repeated  examination  of  the  others  (at  15  day  intervals)  gave 
negative  results.  From  this  it  was  inferred  that  Frau  U.  was  a 
genuine  chronic  carrier  while  the  other  17  were  only  temporary 
carriers. 

Scheller  believed  on  grounds  which  in  the  light  of  more  recent 
knowledge,  appear  insufficient,  that  he  had  discovered  a  type  of 
carrier  in  which  the  typhoid  bacilli  lead  a  true  saprophytic 
existence  in  the  intestinal  canal  and  cause  no  disturbance  whatever 
in  the  organism  of  the  host. 

Lentz  had  previously  held  the  views  (1)  that  a  large  proportion 
of  these  transitory  carriers  had  really  reacted  to  the  presence  of 
the  typhoid  bacilli  by  slight  and  possibly  unnoticed  symptoms,  and 
(2)  that  those  who  did  not  have  symptoms  even  of  the  slightest 
order,  were  still  to  be  classed  as  "  symj^tomless  "  typhoid  cases  in 
view  of  the  fact  that  the  agglutinin  reaction  in  such  cases  rose  to 
the  same  titre  as  in  clinically  typical  enteric  cases.  With  this 
latter  statement  of  Lentz,  Scheller  does  not  agree  as  he  had  noted 
the  absence  of  agglutinin  reaction  in  some  of  these  cases,  while  in 
others  he  had  undoubtedly  observed  as  high  a  titre  as  1  in  2,000. 
The  17  temporary  carriers  who  ceased  to  carry,  as  already 
described,  Scheller  preferred  to  classify  in  a  new  group  of 
"  Typhusbazillenzwischentrager  "  (intermediate  carriers). 

The  view  is  open  to  criticism  for  the  following  reasons  : — In  the 
first  place,  4  of  these  17  carriers  had  had  a  definite  primary  infection, 
and  the  actual  number  of  examinations  was  only  three  during  a 
period  of  one  month.  Without  further  evidence,  therefore,  these 
four  persons  would  not  properly  be  classed  as  temporary  carriers. 
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In  the  second  place,  with  regard  to  the  remaining  13  who  had 
never  had  the  slightest  symptoms  of  typhoid  fever,  one  would  wish 
to  know  whether  any  of  them  developed  tiie  disease  at  a  later  period, 
as  the  possibility  of  a  prolonged  incubation  stage  is  now  well 
recognised.  It  is  not  disputed  that  this  purely  saprophytic  growth 
may  in  some  cases  take  place,  but  much  fuller  evidence  is  demanded 
before  we  can  admit  that  such  cases  have  never  at  any  time  ex- 
hibited symptoms  either  clinical  or  serological. 

I  shall  now  refer  to  an  extensive  series  of  outbreaks  in  Aberdeen- 
shire associated  with  a  female  carrier  who  during  a  large  number  of 
years  had  managed  dairy  farms. 

Watt,  Medical  Officer  of  Health,  Aberdeenshire  (1909),  in  his 
annual  report  on  the  health  of  the  County  of  Aberdeen  for  the 
year  1908,  records  that  10  of  the  38  cases  of  typhoid  fever 
notified  were  traceable  to  carrier  cases.  I  am  indebted  to  Dr. 
Watt  for  furnishing  me  with  particulars  regarding  the  outbreaks 
associated  with  these  carriers,  one  of  whom  is  eclipsed  only  by 
the  Folkestone  carrier  (see  pp.  51-56),  in  so  far  as  the  number  of 
her  victims  is  concerned.  This  carrier,  Miss  S.,  a  woman  of 
54  years,  was  found  in  connection  with  an  outbreak  of  enteric 
fever  on  a  dairy-farm  "  T  "  in  Aberdeenshire  during  the  summer 
of  1908.  Three  servants  were  attacked  (two  males  and  a  female) 
two  of  whom  died.  Miss  S.,  who  with  her  brother  occupied 
this  farm,  had  had  enteric  fever  in  1877  when  she  was  22  years 
of  age.  Enquiry  showed  that  since  that  date  a  long  series  of  typhoid 
cases  had  cropped  up  at  the  various  dairy  farms  which  she  and  her 
brother  had  managed  during  these  31  years,  and  also  in  Aberdeen, 
where  milk-borne  outbreaks  traceable  to  these  farms  periodically 
occurred.  The  following  data  ascertained  by  Dr.  Watt  probably 
do  not  exhaust  all  the  cases  for  which  this  woman  was  responsible  : — 
Farm       I.     "  G."     Autumn,    1877.     Three    cases.     Brother   of 

Miss  S.     Female  servant,  male  servant. 
July,    1878.      Two    cases.      Male    servant, 

female  servant. 
Spring,  1882.     One  case.     Male  servant. 
Summer,  1883.     Two  cases.     Male  servant, 

female  servant. 
Summer,    1885.      Two    cases.      Both   male 

servants. 
August,  1897.     Two  cases.     Male  servants. 
November,  1898.     Two  cases.     Female  ser- 
vant, male  servant  (died). 
Farm    II.     "N."     No  cases. 

Farm  III.     "M."     August,    1900.      One   case.      Male   servant 

(died). 
January-March,   1901,     Two   cases.     Male 

servants. 
September,  1902.     One  case.     Male  servant. 
Sc])tember,  1903.     One  case.     Maidservant. 
January,  1904.     Two  cases.     Male  servant, 

female  servant. 
September,  1905.     One  case.     Male  servant. 
Farm  IV.      "  T.^'     Summer,   1908.      Three   cases.      Two    male 

servants,  one  female  servant  (died). 
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Besides  these  erases  on  the  farms,  an  outbreak  in  A})er(leen 
(November,  1898-»Ianuary,  1899)  involvinjj^  26  cases,  was  found  to 
be  connected  with  a  daiiy  su])|)lie(l  })y  milk  from  farm  "(i."  {Srf. 
Report  by  Prof.  Matthew  ITay  for  the  ('ity  of  A})erdeen, 
November,  1899.) 

From  June,  190()-3lst  March,  1902,  the  milk  from  farm  "  M  " 
had  been  sent  to  a  certain  dairy  in  Aberdeen  and  the  following 
cases  of  typhoid  fever  were  ascertained  to  have  occurred  among  the 
customers  of  this  dairy  during  the  period  1898-1908. 

1898.  Four  cases.     August  1  ;  September  1  ;  December  2. 

1899.  Four  cases.     January  1  ;  March  1  ;  June  2. 

1900.  Seven    cases.      July    1  ;    September    2  ;    October    2  ; 

November  2. 

1901.  Eight  cases.     January  2  ;    February   2  ;    March    3  ; 

April  1  ;  October  1. 

1902.  Nil. 

1903.  Nil. 

1904.  Four  cases.     February,  April,  August,  November. 

1905.  Two  cases.     May,  September. 

1906.  1907.     1908.     No  cases. 

Outbreaks  in  Aberdeen  prior  to  1898  would  also  appear  to  have 
been  associated  with  farm  "  G,"  but  the  actual  facts  could  not  be 
ascertained.  In  any  case  it  was  certainly  suggestive  that  this  farm 
had  been  visited  in  September,  1878,  1882  and  also  in  1885,  by  the 
City  medical  officers  of  health  in  connexion  with  milk  spread- 
outbreaks  in  Aberdeen.  Probably,  were  all  the  facts  known,  it 
would  be  found  that  the  number  of  cases  directly  or  indirectly 
attributable  to  infection  from  Miss  S.  during  the  period  1877-1908 
would  not  fall  short  of  100. 

This  carrier  suffered  from  gall  stones,  for  which  operation  was 
undertaken  with  a  view  to  obtaining  relief  from  colic  troubles  and 
possibly  also  with  a  view  to  ridding  herself  of  typhoid  bacilli.  An 
account  of  the  operation  will  be  found  in  Chapter  IX. 

Richards,  Medical  Officer  of  Health,  Croydon  (1910),  reports  an 
outbreak  of  enteric  fever  in  a  large  country  house,  associated  with 
a  carrier  in  the  person  of  a  milker.  The  cases  arose  in  the  f ollow^ing 
order  : — 

Case  1. — 1903.  The  butler  of  a  former  tenant.  Particulars  not 
now  ascertainable. 

The  present  tenant  took  possession  in  1906,  and  all  went  well  till 
October,  1908. 

Case  2. — Male,  aged  1^6.     October  22nd,  1908.     Severe  attack. 

Case  3. — Female  who  lunched  at  the  house  on  October  1 7th,  1 908, 
and  on  N  ovember  4th5  fell  sick. 

Case  4. — Kitchen  maid.  November  1st,  1908.  Left  the  district 
after  convalescence. 

'     1737^  D 
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Case  5. — Boy.  January  17th,  1910.  He  lived  in  one  of  the 
adjacent  cottages. 

Case  6.— Kitchen  maid.     March  11th,  1910. 

On  the  occurrence  of  Cases  2,  3,  and  4,  the  premises  were 
thoroughly  inspected,  and  certain  defects  in  the  drains  made  good. 
Water  supply,  consumption  of  shell-fish,  and  other  possible  sources 
of  infection  were  exonerated,  after  careful  enquiry.  The  excreta 
of  Case  2  were  examined  with  negative  results,  though  his 
serum  reaction  was  still  positive.  On  the  assumption  that  all  the 
cases  except  the  first  had  a  common  origin,  suspicion  could  be 
attached  only  to  those  members  of  the  household  who  were  on  the 
premises  in  1908  and  1910.  These  were  three  in  number,  viz.,  the 
cook,  who  entered  on  her  duties  about  March,  1908  ;  a  housemaid, 
who  had  lived  in  the  house  since  May,  1904  ;  and  the  milker,  whose 
history  will  be  detailed  below. 

Neither  the  cook  nor  the  housemaid  presented  a  history  of  a 
typhoid  infection  or  association  with  enteric  cases  in  other  house- 
holds.    The  excreta  of  both  were  examined  with  negative  results. 

The  faeces  of  the  milker,  however,  contained  typhoid  bacilli. 
This  man  never  had  enteric  fever,  but  his  wife  had  an  attack  in  1894, 
when  they  were  living  in  another  village.  He  came  to  this  country 
house  in  1902,  and  was  milking  at  the  time  when  Case  1  was  infected 
in  1903.  He  left  the  district  in  September,  1906,  but  returned  in 
October,  1908,  when  he  entered  on  his  present  duties.  Case  2  fell 
ill  about  October  22nd.  It  is  important  to  note  that  between 
September,  1906,  and  October,  1908,  this  man  was  employed  in  a 
dairy  in  another  district  where  a  large  amount  of  milk  and  butter 
was  sold,  but  during  that  time  there  do  not  appear  to  have  been 
any  cases  of  enteric  fever  among  the  customers. 

The  following  facts  were  ascertained  with  regard  to  the  con- 
sumption of  milk  by  the  persons  attacked  : — 

Case  1. —  Cannot  be  traced,  but  as  he  was  an  indoor  servant  he 
doubtless  consumed  the  milk  supplied  to  the  house. 

Case  2. — Not  only  took  milk,  but  was  especially  fond  of  cream. 

Case  3. — Believed  to  have  had  cream  in  coffee  and  probably  with 
fruit  or  tart. 

Case  4. — Consumed  both  cream  and  milk. 

Case  5. — Came  to  the  house  daily  for  milk. 

Case  6. — Consumed  milk  and  cream. 

The  milk  was  consumed  mostly  in  the  house,  some  being  set  for 
cream  and  some  made  into  butter.  The  excess  milk  was  disposed 
of  in  variable  quantities  to  eight  adjacent  cottages,  including  the 
one  occupied  by  Case  5. 

That  only  six  persons  were  attacked,  although  about  47  persons 
consumed  the  milk  at  various  times,  is  largely  accounted  for  by  the 
fact  that  the  quantity  of  milk  consumed  per  head  was  small  except 
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in  the  large  house,  where  most  of  the  cases  occurred.  P\irther,  as 
the  history  of  otlior  niilk-spread  epidemics  due  to  carriers  has 
shown,  the  ()])])ortnnities  of  su(;cessfnl  'nfection  are  notoriously 
intermittent.  Dr.  Richards  sufj^j^^ests  that  the  absence  of  inF(!(;tlons 
during  the  milker's  sojourn  in  a  large  dairy  during  19()f)~l9()8 
may  have  been  due  to  the  necessarily  greater  dilution  of  the  poison 
which  would  thus  act  as  a  safeguard.  The  stools  of  this  milker 
have  since  been  examined  by  me  on  19th  May,  1910,  with  positive 
results.     Those  of  his  wife  and  daughter  were,  however,  negative. 

Recently  a  report  by  R.  W.  Johnstone  (1910-6),  on  the  recurrent 
prevalence  of  enteric  fever  in  the  Folkestone  Urban  District,  has 
been  submitted  to  the  Local  Government  Board.  The  report  is  a 
most  exhaustive  one,  and  the  details  will  be  read  with  the  greatest 
interest  by  all  epidemiologists.  Here  I  must  confine  myself  to  a 
brief  survey  of  the  enquiry. 

The  Urban  District  of  Folkestone  had  at  the  Census  of  1901  a 
population  of  30,379,  and  in  the  middle  of  1908  it  was  estimated  to 
be  35,580.  In  the  year  1901,  Dr.  Theodore  Thomson  had  reported 
to  the  Local  Government  Board  on  recurrent  enteric  fever  in  that 
district,  and  had  made  careful  enquiry  into  water  supply,  refuse  and 
excrement  disposal,  sewerage  and  drainage,  and  the  conditions 
prevailing  in  the  various  cowsheds,  dairies  and  milkshops.  He 
found  that  no  satisfactory  explanation  of  the  repeated  occurrences 
of  enteric  fever  in  Folkestone  could  be  obtained  by  a  consideration 
of  the  water  supply  and  other  sanitary  conditions.  He  was  able, 
however,  to  show^  that  in  certain  years,  viz.,  1896,  1897,  1899  and 
1900,  milk  was  a  prominent  factor  in  the  dissemination  of  enteric 
fever  in  Folkestone,  while  it  may  have  been  responsible  for  a  small 
share  of  the  fever  in  1898.  He  also  noticed  that  a  certain  milker 
had  worked  upon  the  three  different  milk  farms  which  were 
associated  with  the  dissemination  of  enteric  fever  in  the  years  1896, 
1897  and  1899.  At  that  time,  however  (1901),  there  was  no  know- 
ledge of  the  typhoid-carrier,  and  Dr.  Thomson  had  dismissed  the 
coincidence  with  the  remark  "  no  milkman,  even  if  uncleanly  in 
his  ways,  can  convey  infective  material  unless  the  material  be  there 
to  convey."  Dr.  Johnstone,  who  took  up  the  enquiry  in  August, 
1909,  found  that  the  facts  elicited  by  Dr.  Thomson  with  regard  to 
water  supply  and  general  sanitary  conditions  still  held  good,  and 
proceeded  to  enquire  into  the  milk  question. 

Before  detailing  his  results,  I  append  the  following  tables 
(extracted  from  Dr.  Johnstone's  report)  relative  to  the  incidence  of 
enteric  fever  in  Folkestone  from  1893  to  1909, 
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Table  showing  the  number  of  deaths  from  enteric  fever  and  the 
number  of  cases  notified  in  the  Urban  District  of  Folkestone 
during  the  period  1893-1909.  For  comparison,  similar  figures 
are  given  for  the  neighbouring  Urban  Districts  of  Hythe  (pop, 
1901,  5,551),  Sandgate  (pop.  1901,  2,294),  and  Cheriton  (pop. 
1901,  7,091),  and  for  the  Rural  District  of  Elham  (pop,  1901, 
6,813). 


Folkestone 

Urban 
District. 

Hythe 

Urban 

District. 

Sandgate 

Urban 

District. 

Elham 

Rural 

District. 

Cheriton 

Urban 

District. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

1893 

— 

5 

— 

4 

— 

— 

1 

1 

1894 

2 

7 

— 

1 

— 

3 

1 

3 

1895 

— 

10 

1 

2 

1 

3 

3 

4 

1896 

4 

18 

1 

1 

1 

I 

1 

5 

1897 

4 

40 

— 

3 

— 

1 

1 

1 

1898 

8 

36 

1 

3 

— 

— 

— 

2 

1899 

16 

87 

— 

— 

1 

— 

2 

— 

— 

1900 

5 

50 

— 

— 

1 

9 

— 

1 

— 

— 

1901 

3 

14 

1 

2 

— 

2 

— 

1 

— 

1 

1902 

6 

26 

— 

2 

— 

2 

1 

2 

1 

3 

1903 

2 

16 

— 

1 

— 

— 

1 

1 

1 

— 

1904 

1 

7 

— 

3 

— 

2 

— 

2 

— 

— 

1905 

— 

6 

— 

— 

— 

— 

— 

— 

— 

— 

1906 

— 

11 

— 

2 

— 

— 

— 

1 

1 

1 

1907 

1 

20 

— 

— 

— 

— 

— 

1 

— 

— 

1908 

— 

9 

— 

— 

— 

— 

1 

3 

— 

— 

1909 

1 

19 

— 

1 

— 

— 

1 

2 

— 

— 

Total 

53 

381 

4 

25 

3 

24 

11 

32 

3 

5 

From  the  figures  it  will  be  seen  that  enteric  fever  began  to 
increase  in  Folkestone  Urban  District  in  1896  and  that  it  attained 
its  maximum  prevalence  in  1899,  subsiding  in  1901  to  show  minor 
recrudescence  in  1902,  1903,  1907  and  1909.  No  correspondence 
can  be  traced  between  the  degree  of  prevalence  of  the  fever  in.  the 
other  districts  and  that  in  Folkestone, 


5H 


Table  showiug  the  incidence  of  enteric  lever  as  regards  the  age  and 
sex  of  persons  attacked  during  the  period  1896-1909. 


Total 

Over 

Age  15. 

Year. 

-5 

-15 

-25 

-35 

-45 

+45 

at  all 
ages. 

Males 

Females. 

Males. 

Females. 

1896  ... 

2 

8 

4 

3 

1 

18 

3 

15 

2 

6 

1897  ... 

2 

13 

15 

8 

— 

2 

40 

13 

27 

6 

19 

1898  ... 

3 

10 

9 

10 

2 

2 

36 

18 

18 

11 

12 

1899  ... 

2 

12 

28 

18 

12 

5 

87 

38 

49 

25 

38 

1900  ... 

— 

15 

24 

6 

5 

— 

50 

16 

34 

10 

25 

1901  ... 

1 

3 

5 

3 

1 

1 

14 

5 

9 

3 

7 

1902  ... 

1 

3 

10 

7 

2 

2 

25 

12 

13 

10 

11 

1903  ... 

1 

7 

3 

2 

2 

1 

16 

8 

8 

3 

5 

1904  ... 

— 

2 

2 

2 

1 

— 

7 

4 

3 

3 

2 

1905  ... 

— 

1 

2 

1 

1 

1 

6 

3 

3 

2 

3 

1906  ... 

— 

1 

2 

6 

— 

2 

U 

9 

2 

8 

2 

1907  ... 

2 

5 

5 

4 

— 

4 

20 

6 

14 

3 

10 

1908  ... 

— 

3 

4 

2 

— 

— 

9 

5 

4 

3 

3 

1909  ... 

1 

11 

— 

2 

2 

2 

18 

9 

9 

4 

2 

Whole  ) 
period.  ) 

15 

104 

113 

74 

29 

22 

357 

149 

208 

93 

145 

N.B, — In  considering  these  figures  it  has  to  be  borne  in  mind 
that  at  the  Census  of  1891,  females  to  males  in  Folkestone  were  as 
138  to  100,  whereas  in  England  and  Wales  the  proportion  was  108 
to  100.  At  the  Census  of  1901  females  to  males  in  Folkestone  were 
as  136  to  100  and  in  England  and  Wales  as  107  to  100. 

Results  of  Dr.  Johnstone's  enquiry  : 

During  the  period  1901-1909  the  local  Inspector  of  Nuisances 
had  made  careful  inquiries  which  seemed  to  indicate  that  the 
milker  referred  to  by  Dr.  Thomson  in  his  report  of  1901  was 
connected  in  other  years  with  milk  farms  said  to  be  associated  with 
the  dissemination  of  enteric  fever.  Samples  of  this  man's  excreta 
were  now  procured  (fasces  and  urine)  and  submitted  to  bacterio- 
logical examination.  The  typhoid  bacillus  was  isolated  from  the 
faeces  on  the  five  occasions  on  which  samples  were  taken,  viz., 
31st  August,  1909,  6th  September,  1909,  11th  September,  1909, 
25th  September,  1909,  and  19th  October,  1909.  The  urine  was 
always  negative.  This  milker  N.  was,  therefore,  a  typhoid  carrier. 
He  was  a  man  of  about  60  years  of  age,  enjoying  excellent  health. 
To  his  knowledge  he  had  never  suffered  from  enteric  fever  nor  had 
his  wife  or  any  of  his  children  while  living  with  him.  The  only 
severe  illness  he  was  able  to  recall  occurred  about  30  years  ago. 
At  that  time  he  had  suffered  from  lassitude,  lack  of  appetite,  and 
general  malaise,  and  though  he  was  not  bad  enough  to  take  to  his 
bed,  the  illness  had  left  a  lively  impression  on  him  and  his  wife. 
Up  to  the  age  of  26,  N.  had  been  a  sailor.  He  then  took  up  farm 
work,  but  did  not  become  a  regular  milker  till  April,  1893,  when  he 
came  to  a  farm  in  the  Elham  Rural   District,  close  to  Folkestone. 
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nth,  1896-October  11th,  1898,  in  Dover 
nth,  1898-October  11th,  1902,  in  Elham 
nth,  1902-October    llth,  1909,  in  Elham 


From  that  time  till   August,  1909,  he  was  constantly  employed  as 
cowman  and  milker  on  various  farms  near  Folkestone,  viz.  : — 

No.  1  Farm,  April,  1893-October  llth,  1895,  in  Elham  Rural 
District. 

No.  2  Farm,  October  llth,  1895-October  llth,  1896,  in  Elham 
Rural  District. 

No.  3  Farm,  October 
Rural  District. 

No.  4  Farm,  October 
Rural  District. 

No,  5  Farm,  October 
Rural  District. 

During  N.'s  stay  at  No.  1  farm  there  were  five  cases  of  enteric 
fever  at  the  farm,  viz.,  son  and  daughter  of  the  farmer,  a  visitor,  a 
maid-servant,  and  a  charwoman. 

At  No.  2  farm  there  was  one  case  of  enteric  fever  while  N.  worked 
there. 

At  No.  4  farm  two  of  the  farmer's  daughters  had  enteric  fever 
while  N.  worked  there. 

Table  showing  year  by  year  the  number  of  cases  of  enteric  fever 
notified  in  the  Urban  Districts  of  Folkestone,  Hythe,  Sandgate, 
and  the  Rural  District  of  Elham  during  the  period  1893-1909. 

In  separate  columns  are  shown  the  number  of  persons  who 
contracted  the  fever  outside  the  district  (imported  cases)  and 
the  number  of  persons  who  lived  in  houses  deriving  their  milk 
supply  wholly  or  in  part  from  a  farm  on  which  N.  worked  as  a 
milker  at  the  time  of  infection  (N.  cases). 


Folkestone 

Urban 

District. 

Hythe 
Urban 

District. 

Sandgate 

Urban 

District. 

Elham 

Rural 

District. 

o 

o 

02 

o 

-t-3 

t-l 

o 

p- 

E 

!J2 

02 

% 

O 

O 

02 
O) 
cc 
<A 

o 

■*-> 

u 

O 

a 

02 
02 

o 

02 

a> 

02 

<A 
O 

O 

s 

1— 1 

02 
02 

o 

02 

1* 

O 

H 

02 

a> 

02 
■A 

o 

o 

a 

1— 1 

oi 

!2i 

1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1900 
1907 
1908 
1909 

5 

7 

10 
18 
40 
36 
87 
50 
14 
26 
10 

7 

6 
11 
20 

9 
19 

381 

1 

3 
1 
2 

5 
3 
4 
5 

1 

2 
6 
2 

1 

13 

20 
14 
^^ 
38 
10 
15 
7 
4 

1 

3 

3 

13 

4 
1 

2 
1 
3 
3 

2 
2 
1 
3 

2 

1 
25 

1 

2 

1 
2 

1 

2 
1 

3 
3 

1 
1 

1 
9 
2 
2 

2 



3 
3 

1 
3 
4 
5 
1 
2 
2 
1 
1 
2 
1 
2 

1 
1 
3 
1 

2 

1 

1 

1 

3 

1 
3 

1 

2 

1 

1 

2 
1 

Totals 

... 

36 

207 

6 

4 

24 

— 

31 

4 

16 

oo 


For  particulars  with  rep^ard  to  the  milk  supply  in  the  variouK 
years  and  the  enteric  outbreaks  associated  with  it,  the  oiij^injil 
report  must  be  consulted. 

In  the  14-year  period  1896-1909,  359  cases  of"  enteric  fever  are 
known  to  have  occurred  in  Folkestone  Urban  District,  and  of  these 
36  are  known  to  have  been  inipoi'ted  cases.  Of  the  remainin^^  323 
cases,  207  or  64  per  cent,  are  known  to  have  had  milk,  within  thr(;e 
or  four  weeks  preceding  their  illness,  from  one  or  other  of  the  farms 
on  which  N.  was  at  the  time  acting  as  milker. 

Interesting  data  were  obtained  relative  to  the  incidence  of  enteric 
fever  as  regards  the  age  and  sex  of  the  persons  who  had  taken  jS'.'s 
milk,  and  in  the  following  table  the  figures  are  set  forth  : — 


-5 

—15 

—25 

—35 

—45 

+45 

Total. 

CO 

Over  15. 

___ 

09 

Xi 

ed 

ai 

eC 

0) 

1—1 
1^ 

a 

1896 

1 

6 

4 

2 

13 

3 

10 

1 

5 

1897 

— 

8 

7 

5 

— 

— 

20 

7 

13 

3 

9 

1898 

— 

7 

4 

3 

— 

— 

14 

6 

8 

2 
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1899 

3 

17 

18 

13 

10 

5 

66 

20 

46 

16 

30 

1900 

— 

14 

16 

6 

2 

— 

38 

11 

27 

5 

19 

1901 

1 

3 

3 

2 

— 

1 

10 

3 

7 

1 

5 

1902 

1 

2 

5 

2 

4 

1 

15 

9 

6 

7 

5 

1903 

— 

3 

1 

1 

1 

1 

7 

3 

4 

1 

3 

1904 

— 

— 

2 

2 

— 

— 

4 

2 

2 

2 

2 

1905 

— 



— 

— 

— 

— 

— 

— 

— 

— 

1906 

— 

— 

1 

— 

— 

— 

1 

1 

— 

1 

— 

1907 

— 

1 

2 

— 

— 

— 

3 

— 

3 

— 

2 

1908 

— 

2 

— 

1 

— 

— 

3 

2 

1 

1 

— 

1909 

1 

8 

— 

1 

1 

' 

12 

4 

8 

2 

I 

Total 

7 

71 

63 

38 

18 

9 

206 

71 

135 

42 

86 

A  comparir.on  of  these  figures  with  those  relative  to  the  cases 
which  had  not  taken  N's  milk  revealed  fairly  clearly  that  there 
was  a  disproportionate  incidence  of  enteric  fever  on  females  and 
children  in  the  group  which  had  partaken  of  N  's  milk.  This  undue 
proportional  incidence  is  in  itself  suggestive  of  milk-borne  infection. 

To  sum  up.  N.,  a  typhoid-carrier,  worked  at  five  different  milk- 
farms  as  cowman  and  milker  during  the  period  1893-1909.  Enteric 
fever  broke  out  at  three  of  these  farms  during  his  stay  there,  and 
cases  of  enteric  fever  also  occurred  in  the  neighbourhood  of  all  five 
of  them.  On  the  milk  round  of  each  of  the  five  farms  there  was 
undue  prevalence  of  the  fever  at  intervals  during  the  time  N. 
worked  there,  and  no  such  prevalence  was  observed  either  before 
his  advent  or  after  his  departure.  During  the  period  1896-1909 
64  per  cent,  of  the  cases  of  enteric  fever  infected  in  Folkestone  had 
been  supplied  with  milk  from  a  farm  on  whicdi  N.  was  working. 
Certainly  milk  from  N's  farm  was  supplied  in  two  other  districts 
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for  three  months  in  1901  without  any  known  increase  of  enteric 
fever  in  these  districts,  and  no  cases  of  the  fever  could  be 
attributed  to  N's  milk  during  the  year  1905,  but  as  Johnstone 
remarks,  N.  may  have  been  only  intermittently  infective,  and  even 
had  his  condition  been  one  of  continuous  infection,  it  was  not 
inevitable  that  the  infection  should  always  reach  the  milk-supply. 
"  On  the  whole  facts  it  may  be  concluded  that  for  the  past 
14  years  enteric  fever  has  been  spread  in  Folkestone  Urban 
District  mainly  by  milk,  and  that  the  milk  was  infected  by  N.,  a 
typhoid-carrier." 


CHAPTER    V. 


Instances  of  Infectivity  of  Carriers — {continued). 

Institutional  Cases. 

A  large  proportion  of  typhoid  carriers  have  been  found  in  institu- 
tions like  asylums,  workhouses,  private  schools,  &c.,  where  typhoid 
fever  has  been  of  endemic  occurrence.  In  such  establishments  the 
intimate  contact  prevailing  among  the  inmates  must  play  a  large 
part  in  facilitating  the  spread  of  infection  from  case  to  case.  In 
lunatic  asylums  especially,  the  filthy  personal  habits  of  many  insane 
people  are  naturally  accentuating  factors  where  a  carrier  or  carriers 
are  already  in  existence.  Some  attempts  have  been  made  to  explain 
the  presence  of  large  numbers  of  carriers  in  lunatic  asylums,  and  the 
hypothesis  has  been  put  forward  that  a  psychosis  is  a  predisposing 
factor  to  the  carrying  status. 

There  is  no  evidence  in  support  of  this  view,  but  there  is  much 
to  be  said  for  the  view  held  by  some  observers  that  the  proportion 
of  carriers  discovered  in  institutions  may  ultimately  prove  not  to  be 
unduly  large,  since  the  facilities  for  thoroughly  carrying  out 
bacteriological  investigations  on  a  large  scale  are  greater  than  is 
usually  the  case  elsewhere,  and  correspondingly  increase  the  proba- 
bility of  detecting  the  presence  of  carriers. 

Several  striking  instances  of  endemic  typhoid  fever  in  asylums 
have  been  recorded  in  recent  years. 

Nieter  and  Liefmann  (1906)  of  Halle,  record  observations  made 
in  a  lunatic  asylum  at  "  M,"  (containing  900  female  patients,  in 
which,  for  a  number  of  years,  there  had  been  repeated  outbreaks  of 
typhoid  fever.  These  outbreaks  had  always  occurred  in  small 
groups.  Most  of  the  cases  were  confined  to  one  building  containing 
about   250   inmates.      After  an    examination  of   the    convalescent 
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cases  had  yielded  no  (;arriers,  they  {)i()('eeded  to  examine  all  the 
inmates  in  tliis  bhx^k.  In  one  case  of  acute  dysentery  the 
B.  typhosus  was  found  in  the  faices  alon<>'  with  B.  dysenteriae 
(Flexner).  The  association  was  exphiined  by  tlie  fact  that  ceases 
of  dysentery  and  of  typhoid  fever  weie  isolated  in  the  same  bloc^k, 
and  it  seemed  likely  that  the  dysentery  patient  had  j>()t  secondarily 
infected  with  the  typhoid  bacillus.  Her  serum  agglutinated 
B.  typhosus  ill  1  in  100,  and  B.  dysenteriae  (Flexner)  in  I  in  800. 

In  another  dysentery  case  they  found  the  typhoid  bacillus  in  the 
stools  but  not  the  dysentery  bacillus,  and  at  her  death  numerous  old 
typhoid  cicatrices  were  found  in  the  small  intestine,  while  the  lower 
bowel  showed  chronic  catarrh.  The  gall  bladder  was  full  of  large 
and  small  stones,  and  the  typhoid  bacillus  was  present  in  pure 
culture  in  the  bile. 

Other  five  carriers  were  discovered,  making  seven  in  all  out  of  a 
total  of  250  inmates.  This  makes  a  percentage  of  2*8  per  cent., 
which  is  much  higher  than  that  obtained  by  searching  the  neigh- 
bourhood of  typhoid  patients  (viz.,  0*5 — 0*8  per  cent.).  All  the 
carriers  were  women.  After  isolation  of  all  the  carriers  it  was  hoped 
that  no  further  cases  would  occur,  but  this  hope  was  not  realised. 

In  a  further  report  by  Nieter  (1907)  on  this  asylum,  it  is  stated  that 
four  more  carriers  were  discovered  during  the  late  summer  of  1906, 
thus  making  a  total  of  11.  About  the  latter  part  of  December  and 
the  beginning  of  January,  1907,  three  new  cases  of  typhoid  fever 
occurred  among  nurses  employed  in  this  same  block  of  250  inmates, 
where  the  seven  carriers  had  been  discovered.  Another  investiga- 
tion was  made  and  another  female  carrier  was  found.  This  person 
had  never  had  clinical  symptoms  of  typhoid  fever.  Paratyphoid 
bacilli  were  also  present  in  her  faeces. 

After  an  interval  of  4-5  months,  three  fresh  cases  occurred  in 
another  building  in  which  two  carriers  had  been  previously  found. 
In  this  room  was  a  patient  who  two  years  before  had  had  typhoid 
fever.  During  the  first  investigation  this  woman's  excreta  had  been 
negative,  though  she  had  given  a  positive  Widal  reaction. 

A  second  examination  was  now  made  and  this  woman  was  found 
to  be  passing  typhoid  bacilli  in  her  stools.  Thirteen  carriers  had 
been  discovered  in  this  asylum  up  to  1907. 

Nieter  mentions  that  in  other  asylums  several  carrier  cases  had 
been  isolated,  viz.,  Hordt  (13  female  carriers),  Klingemiinster  (two 
carriers),  Saargemund  (two  carriers),  Merzig  (one  carrier). 

Friedel  (1906)  reported  a  striking  instance  of  institutional  typhoid 
fever  due  to  carrier  infection,  in  which  foodstuffs,  in  all  probability, 
formed  the  intermediate  link  between  the  carrier  and  the  new  hosts. 
The  institution  affected  was  the  Provinzial-Heil-und  Pflegeanscalt 
at  Andernach  in  the  Coblenz  district.  On  1st  September,  1905, 
this  asylum  contained  650  persons  distributed  thus  : — 

Group  A.  Patients,  male  and  female  ...  500 

„       B.  Nurses,  36  male  and  36  female  ...  72 

„       C.  Staff,  various          ...          ...  ...  20 

„       D.  Families  in  detached  villas  ...  45 persons. 
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All  these  groups  had  the  same  water  supply.  Groups  A,  B  and 
C  obtained  food  from  the  main  kitchen,  while  the  families  in  group 
D  had  their  own  kitchens. 

Before  1901  only  occasional  cases  of  typhoid  fever  considered  to 
have  been  due  to  outside  infection  had  occurred.  In  1901  two 
outbreaks  arose  in  different  blocks,  viz.,  in  May,  nine  cases  (one 
physician,  five  male  nurses,  three  male  and  one  female  patients), 
and  in  October,  12  cases  (nine  female  nurses,  one  male  nurse,  one 
male  and  one  female  patient).  In  May,  1905,  seven  cases  (one  male 
nurse,  six  male  patients),  occurred  in  one  male  block. 

Between  1901  and  1905  there  were  seven  isolated  cases,  of  which 
six  were  believed  to  have  contracted  the  infection  inside  the 
building. 

In  these  outbreaks  the  water  supply  could  not  be  called  in 
(question.  The  possibility  of  already  infected  food  coming  from 
outside  the  institute  was  ruled  out.  Suspicion  accordingly  fell  on 
the  kitchen.  The  food  was  prepared  here  and  then  distributed 
to  the  various  blocks. 

Accordingly  all  those  persons  engaged  in  the  dairy  or  kitchen 
who  were  ascertained  to  have  had  typhoid  fever  were  examined,  but 
with  negative  results. 

In  September,  1905,  another  outbreak  occurred  with  35  cases, 
8  male  nurses,  8  female  nurses,  4  males  on  the  staff,  5  male 
and  10  female  patients,  but  none  belonging  to  Group  D. 

The  faeces  and  urine  of  all  engaged  in  the  kitchen,  wash-house, 
scullery,  dairy  and  laundry  were  now  examined,  whether  they  had 
had  typhoid  fever  previously  or  not,  and  one  female  imbecile 
(65  years),  who  had  been  six  years  in  the  kitchen  was  found  to  be 
a  carrier.  She  had  never  had  typhoid  fever,  at  least  in  the 
institution. 

Her  serum  gave  a  negative  Widal  reaction.  The  chief  duty  of 
this  woman  was  the  cutting  up  of  potatoes  for  potato  salad  and 
pieces  of  meat  for  Fleischsalat  and  various  other  salads.  There  is 
undoubtedly  great  danger  attached  to  the  consumption  of  such  raw 
food  material  which  has  been  contaminated  during  its  preparation, 
or  of  cooked  material  which  becomes  contaminated  before  its  final 
consumption  in  the  cold  state.  In  both  cases  cold  storage  is 
indicated  as  tending  to  lessen  the  likelihood  of  rapid  midtiplication 
of  the  B.  typhosus  and,  therefore,  of  risk  of  infection  to  the 
consumer. 

Ledingham,  A.  &  J.  C.  G.  (1908)  have  recorded  the  results  of 
an  investigation  into  the  cause  of  recurring  enteric  fever  in  a  lunatic 
asylum  in  Scotland.  This  asylum  in  1908  contained  92  male 
and  53  female  patients,  8  male  and  6  female  attendants  and  4  female 
servants.  Since  1893  there  had  been  a  succession  of  small  outbreaks 
of  typhoid  fever  in  this  asylum,  the  female  inmates  being  principally 
affected.  Also  similar  outbreaks  had  occurred  periodically  in  a 
smaller  detached  buildhig  containing  32  female  patients,  and  situated 
about  five  minutes'  walk  from  the  main  building.  Prior  to  the 
adoption  of  the  Notification  Act  in  1891,  no  authentic  records  of 
typhoid  fever  in  this  asylum  were  available.     The  annexed  table 
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shows  the  incidence  of  typlioid  fever  in  sueeeKsive  yeai'H  nincte  1893, 
when  the  first  case  was  notified  : 


Year. 

Total  No. 
of  Cases. 

Month  of  Notification. 

.Main 
Asylum. 

Small 
Asylum. 

1893 

2 

Mar.,  July      

2 

0 

1894 

0 



0 

0 

1895 

6 

July  (2),  Aug  (3),  Dec.  (1) 

1 

5 

1896 

2 

Apr.,  May 

2 

0 

1897 

1 

Nov 

0 

1 

1898 

0 



0 

0 

1899 

4 

Aug.  (1),  Nov.  (3) 

4 

0 

1900 

3 

Jan.,  June,  Aug, 

1 

2 

1901 

2 

Feb.,  May       

2 

0 

1902 

0 



0 

0 

1903 

4 

Feb.,  Mar.,  Apr  ,  Oct. 

4 

0 

1904 

3 

June,  July,  Aug 

3 

0 

1905 

0 



0 

0 

1906 

1 

April    ... 

1 

0 

1907 

3 

Feb.,  Apr.,  Oct 

2 

] 

Total    ... 

31 



22 
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It  will  be  seen  that  31  cases  in  all  occurred  and  24  of  these  were 
females,  viz.,  21  female  patients,  three  female  attendants,  six  male 
patients  and  one  male  attendant.  Nine  of  the  cases  proved  fatal. 
The  cases  arose  at  no  special  season  of  the  year,  but  in  individual 
years  the  notifications  followed  each  other  as  a  rule  very  closely. 
During  1894,  1898,  1902  and  1905  no  cases  were  notified. 

The  mysterious  cropping  up  of  typhoid  cases  had  been  a  source 
of  great  anxiety  to  the  authorities,  who  had  done  everything  in  their 
power  to  make  the  sanitary  arrangements  of  the  institution  as 
complete  as  possible.  Repeated  analyses  of  the  water  supply,  both 
chemically  and  bacteriologically,  threw  no  light  on  the  etiology  of 
the  outbreaks.  The  sewage  was  conveyed  direct  to  the  sea  and  the 
dairy  arrangements  were  in  excellent  order.  The  same  water 
supply  served  several  families  residing  on  a  farm  near  the  source  of 
the  supply,  but  at  no  time  had  cases  of  enteric  fever  occurred 
among  them.  It  was  accordingly  determined  to  search  for  carriers 
among  the  inmates.  In  February,  1907,  a  start  was  made  by 
testing  the  Widil  reaction  in  a  group  of  43  female  patients,  and  six 
of  these,  two  of  whom  had  had  enteric  fever  previously  (in  1903  and 
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1904  respectively),  gave  a  well-marked  reaction.  In  the  course  of 
this  work,  however,  A.  L.  contracted  a  severe  attack  of  typhoid 
fever,  and  nothing  further  was  done  in  the  matter  till  September, 
1907,  when  it  was  proposed  to  examine  bacteriologically  the  stools 
of  all  the  female  patients  in  the  asylum.  Three  female  typhoid 
carriers  were  thus  discovered.  The  first,  G.,  had  been  in  the 
asylum  (main  block)  since  1896.  She  was  35  years  of  age,  and 
there  was  no  record  of  a  primary  infection.  Her  personal  habits 
were  exceedingly  filthy.  She  had  not,  however,  been  employed 
either  in  the  laundry  or  kitchen.  Her  serum  gave  a  Widal 
reaction  in  a  dilution  of  1  in  200. 

The  second  carrier,  McC,  had  been  in  the  small  detached  build- 
ing since  1895,  when  she  had  had  an  attack  of  typhoid  fever.  She 
was  about  60  years  of  age  and  was  able  to  walk  about  and  do  a 
little  work,  but  had  never  been  employed  in  the  kitchen.  Her 
habits  were  cleanly,  and  occasionally  she  had  assisted  in  the 
laundry.  Her  serum  gave  a  Widal  reaction  in  1  in  200.  It  has  to 
be  noted  that,  though  there  are  two  separate  blocks,  much  com- 
munication goes  on  between  them.  The  dinners  are  cooked  at  the 
main  block  and  brought  over  to  the  smaller  block.  The  clothes  are 
washed  also  at  the  main  block,  but  patients  from  the  small  block 
would  sometimes  assist. 

The  third  female  carrier,  C,  was  about  30  years  old  and  had 
typhoid  fever  in  1904.  She  was  not  of  dirty  habits,  but  had  never 
been  employed  in  the  kitchen  or  laundry.  Her  serum  gave  a 
marked  Widal  reaction. 

These  three  females  were  isolated  as  soon  as  they  were  dis- 
covered to  be  carriers,  and  since  November,  1907,  they  have 
remained  in  the  isolation  block  with  a  special  attendant. 

Since  October,  1907,  the  asylum  has  enjoyed  complete  immunity 
from  typhoid  fever.  There  have  been  42  females  admitted  into 
the  asylum  during  this  period  and  it  is  proposed  to  examine  all 
these  bacteriologically,  and  in  future  to  examine  each  new  patient 
on  admission  into  the  asylum. 

Eccard  (1910)  records  a  very  similar  experience  of  endemic 
typhoid  fever  in  an  asylum  at  Frankenthal  in  the  Pfalz  district. 
This  institution  contains  650  meutal  cases  in  one  department,  and 
250  bodily-sick  cases  in  another.  Long  before  1901  enteric  fever 
had  been  of  endemic  occurrence,  but  since  that  year  infection  had 
occurred  among  the  women  only,  the  chief  focus  of  the  disease 
being  the  female  block  containing  110  "  unclean,  stupid  and  noisy  " 
women. 

In  1903  this  block  was  gone  over  with  the  result  that  three 
female  carriers  were  found.  These  had  been  housed  for  a  long 
time  in  this  department  and  had  never  been  ill.  An  isolation 
barrack  was  put  up  for  them  and  to  this  the  typhoid  cases  were 
also  transferred. 

In  spite  of  these  precautions  fresh  cases  cropped  up  and  the 
conclusion  was  come  to  that  some  carriers,  probably  of  the  inter- 
mittent variety,  had  been  missed.  This  proved  to  be  the  case. 
The  investigation  was  repeated  and  in  June,  1906,  another  female 
carrier  was  found.  In  December  of  the  same  year  a  fifth  carrier, 
in  May,  1907,  a  sixth,  and  in  July,   1907,  a  seventh  carrier  was 
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revealed.  The  examination  of  the  stools  and  urine  of  these;  last 
three  carriers  had  <^iven  negative  results  on  prc^vious  occasions. 
The  stools  and  urine  of  the  carriei*  who  was  discovered  in 
Dc(;ember,  190G,  liad  been  (examined  previously  with  negative! 
results  no  fewer  than  five  times,  and  still  it  was  she  wlio  apparently 
kept  the  epidemic  going,  for  after  her  isolation  tlie  oc(;urrences  of 
fever  ceased,  nor  have  there  been  any  further  cases  in  the  three 
years  up  to  1909. 

The    following    table    shows    the    incidence    of    typhoid    cases 
according  to  months  and  years  from  1901  to  1st  August,  1909  : — 


Years. 

Months. 

Totals. 

t-3 

a 

< 
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^ 

a 

ti'o 

< 

(0 

y 
O 

> 
o 

12; 

6 
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1901 
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2 

1 

] 
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—   1 

— 

— 

5 

1902 
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1 

1 

— 

— 

— 

1 

— 

— 

3 

1903 



— 

— 

1 
1 

4 

— 

— 

5 

1904 

1 

1 

1 

— 

— 

— 

— 

4 

1905 



— 

— 

1 

— 

— 

— 

1 

— 

— 

1 

2 

1906 



— 

— 

— 

— 

— 

— 

*1 

1 

— 

— 

3-1 

1907 



— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0 

1908 



— 

— 

~ 

— 

— 

— 

— 

— 

— 

— 

0 

1909 



— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

0 

*  Imported  case. 
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Reformatory  Case, 

The  female  carrier  case  reported  by  Davies  &  Walker  Hall 
(1908)  is  so  well  known  in  this  country  that  I  need  only  refer  to 
the  most  important  features  of  the  outbreaks  for  which  she  was 
responsible.  In  November,  1906.  an  outbreak  of  typhoid  fever 
occurred  in  an  Inebriate  Reformatory  near  Bristol.  This  institution 
then  contained  240  inmates  and  24  resident  officers.  There  had 
been  no  visitation  of  typhoid  fever  since  the  opening  of  the  insti- 
tution in  1899.  No  cases  of  typhoid  fever  existed  in  the  neighbour- 
hood at  the  time  of  the  outbreak.  In  September,  1906,  a  kitchen 
helper  took  ill,  and  in  November  three  more  cases  occurred  in  which 
the  suggestion  was  that  the  infection  was  conveyed  by  milk.  One 
was  a  female  inmate  who  received  an  extra  allowance  of  milk  daily, 
as  she  was  nursing  ;  another  was  the  gardener's  wife  who  lived  in  a 
detached  cottage  and  received  only  milk  from  the  institution.  The 
third  was  an  outdoor  policeman  who  received  an  allowance  of  milk 
for  his  tea.  No  explanation  of  the  initial  case  w^as  forthcoming. 
Fresh   outbreaks   occurred   in    May,    1907,   and   continued  up  to 
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November,  viz.,    May,   1   case  ;    June,  nil ;    July,  6  ;  August,  9  ; 
September,  1  ;  October,  2  ;  November,  4,  i.e.^  23  altogether. 

The  evidence  in  tho  1907  cases  was  still  stronger  against  the  milk 
which  evidently  had  some  opportunity  of  being  contaminated  after 
sterilization.  It  was  learned  that  an  inmate,  Mrs.  H.  (50  years), 
employed  as  cook  and  dairymaid  in  tho  institution  had  suffered  in 
♦January,  1901,  from  lyphoid  fever.  She  had  been  admitted  to  the 
Reformatory  in  April,  1906,  and  was  employed  in  kitchen  work  up 
to  October  13th,  1906,  when  she  was  entrusted  also  with  the  dairy 
work  which  she  continued  up  to  November,  1907.  At  Dr.  Davies's 
suggestion  she  was  excluded  from  kitchen  and  dairy  work  on 
November  13th,  and  12  days  afterwards,  November  25th,  the  last 
case  of  the  series  occurred.  On  November  18th,  1907,  her  serum 
gave  a  negative  Widal  reaction,  and  the  stools  and  urine  were 
typhoid-free.  On  November  29th,  1907,  the  stools  also  proved 
negative,  but  a  positive  result  was  obtained  on  December  20th,  1907. 
Further  examinations  on  January  20th,  February  14th,  February 
18th,  and  March  14th  were,  however,  negative.  The  urine  was 
always  negative.  The  fasces  again  proved  positive  on  April  14th, 
1908.  (For  further  data  on  the  bacteriological  examinations  of  the 
excreta  of  this  case  see  Chap.  XII.)  The  milk  after  sterilization 
w^as  stored  in  the  dairy  whence  it  was  measured  out  for  the  various 
blocks  by  means  of  a  hand-dipper.  All  the  milk  passed  through 
her  hands.  It  is  evident,  therefore,  that  the  milk  which  was  shown 
to  have  been  tlie  agency  by  which  the  fever  was  disseminated  could 
readily  have  been  infected  by  Mrs.  H. 

Enquiry  into  the  past  history  of  this  carrier  showed  that  she  had 
been  in  all  probability  responsible  for  enteric  outbreaks  in  at  least 
two  other  institutions. 

In  May,  1904,  typhoid  fever  broke  out  in  the  Grove  House  Home 
for  Girls  at  Brislington,  near  Bristol.  This  institution  was  then 
occupied  by  36  girls  (5 — 15  years)  who  were  boarded  out  by  the 
Bristol  Guardians.  From  May  to  the  end  of  September,  26  persons 
in  the  institution  developed  enteric  fever.  Eight  suspicious  cases 
also  occurred.     Two  cases  ended  fatally. 

There  had  been  no  typhoid  fever  in  the  district  for  months  and 
the  sanitary  arrangements  of  the  institution  could  not  be  impugned. 
All  attempts  to  combat  the  spread  of  the  disease  by  disinfection, 
boiling  of  milk,  &c.,  were  fruitless.  It  appears  that  Mrs.  H.  had 
on  February  3rd,  1904,  been  transferred  from  the  Bristol  work- 
house to  the  kitchen  at  Grove  House,  Brislington.  Her  duties  were 
to  assist  in  the  kitchen  and  to  cook,  and  all  the  milk,  which  was 
boiled,  passed  through  her  hands.  It  is  notable  that  she  left  Grove 
House  Home  on  September  2nd  to  take  a  private  situation,  and  the 
last  case  in  the  institution  was  notified  twenty  days  later,  viz.,  on 
September  22nd,  1904. 

It  was  further  ascertained  that  on  March  4th,  1905,  this  carrier 
became  cook  at  a  children's  home  where  there  were  30  girls. 
Nothing  happened  till  May  8th,  1905,  when  one  of  the  girls 
dcveloj)ed  enteric  [fever  for  which  no  cause  could  be  found.  The 
cook  had  left  at  the  end  of  April.     No  further  cases  occurred. 

I  conclude  this  chapter  with  certain  general  observations  regarding 
the  occurrence  of  carriers  in  asylums  and  similar  institutions.     As  I 
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have  mentioned,  the  higher  frequency  of  earners  in  asylums  as 
compared  with  tfiat  found  in  the  n('i<»hhoHrhoo(l  of  typhoid  cnses 
elsewhere,  has  been  attributed  to  a  psychosis  piedisposin^  lyplioid- 
sick  lunatics  to  this  condition. 

There  are,  however,  certain  considerations  which  tend  to  dis- 
countenance the  need  for  ado])ting  such  an  explanatory  hy])othesis 
as  this.  In  the  first  place  much  greater  facilities  are  aifoi'ded  to 
one  chronic  carrier  of  unclean  habits,  of  infecting  her  associates, 
who  may  then  act  as  temporary  carriers  or  who  may  become  chronic 
carriers.  In  the  second  place,  as  Eccard  suggests,  a  lunatic 
typhoid-convalescent  of  filthy  habits  is  probably  always  le-infecting 
herself  and  so  develops  into  the  chronic  type.  This  view  has  been 
applied  in  a  wider  sense  to  all  chronic  carriers  by  Fornet,  who  as  I 
have  said  {vide  Chapter  III.)  maintains  that  the  carrier  state  arises 
from  a  symptomless  re-infection  and  is  an  evidence  of  immunity  in 
the  sense  of  Wassermann  and  Citron. 


CHAPTER  VI. 


Instances  of  Infectivity  of  Carriers — {continued). 

Army   Cases. 

The  association  of  carriers  with  occurrences  of  typhoid  fever  in 
army  barracks,  &c.,  presents  features  similar  to  those  met  with  in 
civil  communities,  but  it  seems  advisable  for  facility  of  reference  to 
discuss  the  subject  of  army  carriers  in  a  separate  chapter. 

The  most  extensive  work  which  has  so  far  been  done  in  this 
connection  has  emanated  from  the  Central  Research  Institute  at 
Kasauli  in  India,  where  an  enquiry  into  the  cause  and  spread  of 
enteric  fever  was  set  on  foot  in  1906  under  the  guidance  of  Lieut.- 
Colonel  D.  Semple  and  Captain  E.  D.  W.  Greig. 

Their  first  report  (Semple  and  Greig  (1908)  )  on  the  investiga- 
tions carried  out  appeared  in  1908  and  abundantly  confirmed  the 
experiences  of  the  typhoid-stations  in  South-West  Germany. 
I  have  referred  in  a  previous  chapter  (Chapter  II.)  to  certain  sta- 
tistical results  collated  by  them  in  connexion  with  the  bacteriological 
examination  of  convalescents,  and  it  now  remains  here  to  record 
details  of  the  regimental  outbreaks  of  typhoid  fever  for  which 
carriers  were  found  to  be  responsible. 

The  first  outbreak  occurred  in  a  detachment  of  the  Bedfordshire 
Regiment  at  Kasauli.  During  the  month  of  August,  1907,  o  cases 
of  enteric  fever  occurred  in  this  detachment.  Two  barracks  were 
involved ;  each  of  these  was  divided  into  four  wards  ;  the  cases 
arose  in  different  rooms  and  there  had  been  no  direct  personal  com- 
munication between  the  patients.  The  food  supply  of  the  two 
barracks  came  from  a  common  cook-house  and  the  latrine  and 
urinal  were  also  in  common.  As  the  cases  were  confined  to  one 
detachment  the  general  water  and  milk  supply  could  be  eliminated. 
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Examination  was  therefore  made  of  the  blood,  urine  and  faeces  of 
all  the  cooks  and  contacts  of  this  unit  with  the  result  that  one 
cook  belonging  to  this  detachment  was  found  to  be  excreting  large 
numbers  of  typhoid  bacilli  in  his  ffcces. 

The  carrier  was  at  once  isolated  and  no  further  cases  occurred. 

A  definite  history  of  enteric^,  fevei-  in  this  carrier  could  not  be 
elicited,  but  there  was  a  probability  that  a  severe  attack  of  ague 
(31st  December,  1897 — 10th  March,  1898)  lasting  seventy  days 
may  have  been  an  unrecognised  typhoid  infection.  It  was  also 
noteworthy  that,  according  to  the  health  registers,  from  23rd  May 
to  3rd  July,  1899,  he  had  been  treated  for  abscess,  which  may 
have  been  also  of  typhoidal  origin.  His  Widal  reaction  was 
negative,  agglutination  taking  place  only  in  a  dilution  of  1  in  20. 

The  second  outbreak  occurred  in  the  Scottish  Rifles  (Cameron- 
ians).  As  a  result  of  the  examination  of  a  large  number  of 
healthy  soldiers  at  Meerut  from  the  different  units  stationed  there, 
one  man  belonging  to  the  Scottish  Rifles  was  found  to  be  a  carrier. 
He  had  never  suffered  from  enteric  fever,  but  had  been  a  nursing 
orderly  on  enteric  cases.  I  have  already  noted  (Chapter  II.)  that 
these  orderlies  not  infrequently  excrete  typhoid  bacilli  without 
showing  any  obvious  symptoms  and  are  liable  to  become  chronic 
carriers. 

The  connexion  between  this  carrier  and  the  particular  cases  of 
enteric  fever  could  not  be  so  clearly  established  as  in  the  first 
outbreak,  but  the  fact  that  seven  out  of  the  ten  cases  examined  at 
Meerut  came  from  this  particular  unit  of  the  Scottish  Rifles  was 
considered  very  significant. 

Semple  and  Greig,  in  view  of  the  danger  that  nursing  orderlies 
may  contract  the  disease  so  slightly  as  not  to  report  themselves 
sick,  but  may  nevertheless  become  carriers,  suggest  that  a  special 
permanent  body  of  trained  men  should  be  formed  to  nurse  enteric 
patients. 

An  extremely  interesting  case  of  carrier  infection  in  an  artillery 
barracks  at  Wesel  has  recently  been  reported  by  Niepratschk 
(1909).  During  the  years  1904-1908  this  barracks  had  been,  as 
the  author  expresses  it,  a  "  veritable  typhoid-house."  Its  hygienic 
conditions  were  excellent  and  no  source  of  infection  could  be 
traced.  Since  October,  1902,  it  had  been  occupied  by  the  artillery 
regiment,  and  on  January,  1904,  the  first  case  of  typhoid  fever 
occurred.  During  the  five  years  1904-1908,  there  had  been  31 
cases  of  typhoid  fever,  of  which  six  ended  fatally  and  four  led  to 
invalidity.     The  cases  occurred  as  follows  : — 

1904.  One  case.     (January.) 

1905.  Seven  cases.     (February,  May,  October  (3),  November, 

December.) 

1906.  Two  cases.     (April  and  October.) 

1907.  Twenty  cases.     (Ten  between  January  and  June.     Ten 

between  September  and  November.) 

1908.  One  case.     (February.) 

The  first  two  cases  were  attributed  to  infection  contracted  during 
Christmas  leave,  and  the  third  case  Avas  also  in  all  probability 
imported.     For  the  other  cases  no  probable  source  of  infection  was 
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forthoominc^.  Noitlior  in  tho  civil  popnlntior)  nor  in  tlic  otlicr 
troops  of  the  ofjirrison  was  the  typhoid  incidence  hi^^h.  'Vho. 
opinion  that  water  [)layed  any  part  in  the  spread  of  tin;  fever  had 
to  be  abandoned  after  careful  attention  paid  to  the  water  supply 
had  yielded  no  residt.  The  hypothesis  that  a  carrier  might  })e  at 
the  root  of  the  trouble  was  then  tested,  and  a  commencement  was 
made  with  an  examination  of  the  faeces  and  urine  of  the  lessee  and 
assistants  in  the  canteen.  The  cook  (a  female  of  55  years  of  age) 
had  had  enteric  fever  two  years  before,  and  in  August,  1907,  had 
suffered  from  a  febrile  attack  pointing  to  gall-bladder  trouble. 
Repeated  examinations  of  her  fieces  and  urine  were,  however, 
negative,  and  she  gave  an  absolutely  negative  Widal  reaction. 
The  examinations  of  the  stools  and  urine  of  all  the  other  assistants 
were  negative. 

Then  began  a  systematic  examination  of  the  "  Unteroffizieren  " 
of  the  individual  batteries.  On  23rd  February,  1908,  Sergeant  B. 
was  found  to  be  excreting  large  numbers  of  typhoid  bacilli  in  his 
urine.     No  other  carriers  were  found. 

The  history  of  this  man  was  as  follows  : — In  the  spring  of  1901 
(5th  March  to  29th  April)  he  had  had  a  severe  attack  of  enteric  fever 
while  serving  in  a  regiment  of  Dragoons  at  Tilsit.  His  urine 
during  the  fever  had  been  free  from  albumin.  On  29th  April  he 
was  sent  home  to  recruit,  but  eight  days  later  he  had  a  severe 
relapse  and  for  eight  weeks  could  not  be  transported.  On  20th  June 
he  returned  to  the  regimental  hospital  and  remained  there  till 
8th  July.  At  the  close  of  his  three  years'  service  in  October,  1901, 
he  spent  a  year  at  home.  On  October  1,  1902,  he  joined  the  loth 
Ulan  regiment  at   Saarburg,  where  he  remained  till  1st  October, 

1903.  He  then  returned  home,  but  enlisted  again   on  15th  June, 

1904,  in  the  1st  "  Trainbataillon,"  at  Konigsberg.  With  this 
regiment  he  remained  only  one  year,  and  on  15th  June,  1905,  joined 
the  Artillery  regiment  at  Wesel. 

Some  suggestive  facts  were  later  ascertained  with  regard  to 
typhoid  outbreaks  in  other  regiments  to  which  this  man  belonged 
before  coming  to  the  Wesel  garrison.  Thus  in  the  year  in  which 
Sergeant  B.  was  in  a  "  Trainbataillon,"  one  case  occurred,  while 
during  the  previous  three  years  there  had  been  no  cases  in  that 
regiment.  Also  during  his  service  in  an  Ulan  regiment,  15  cases 
had  occurred  in  1903.  None  had  occurred  before  his  arrival  and 
none  after  his  departure. 

Sergeant  B.  was  a  robust,  healthy  man  of  31.  His  urine  was 
slightly  acid,  showed  slight  cloudiness,  but  contained  no  albumen. 
No  other  formed  elements  were  present.  It  was  calculated  that  the 
urine  contained  two-and-a-half  millions  of  typhoid  bacilli  per  cubic 
centimetre.  The  strain  was  markedly  avirulent  for  guinea-pigs,  a 
fact  which  was  in  striking  contrast  with  the  severity  of  infections 
caused  by  it.  When  first  isolated  it  would  not  kill  guinea-pigs  of 
250  grms.  weight  in  doses  under  a  quarter  of  a  whole  agar  culture. 
By  passage,  however,  the  lethal  dose  was  lowered  to  one  quarter  of 
a  loop.  His  serum  gave  an  incomplete  Widal  reaction  (1  in  50 
positive  in  two  hours,  1  in  100  negative  in  two  hours  at  37^^  C),  and 
the  bactericidal  power  of  the  serum  was  also  very  low.     The  fact 
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that  the  virulence  could  be  raised  by  passage  through  the  guinea- 
pig  suggested  to  Niepratschk  that  a  similar  process  might  take 
place  by  passage  through  human  beings.  Thus  cases  with  only 
slight  symptoms  might  give  rise  to  infections  of  a  severer  type. 
There  was  the  further  possibility  that  the  strain  might  undergo 
temporary  alterations  in  virulence.  In  Niepratschk's  view,  however, 
one  thing  was  certain,  viz.,  that  since  October,  1905,  the  typhoid 
outbreaks  in  the  artillery  barracks  could  be  traced  only  to  this  carrier. 
Among  the  other  troops  in  Wesel  and  in  the  civil  community  there 
had  been  only  a  few  cases. 

In  the  following  table  are  given  the  figures  of  typhoid  incidence 
in  the  artillery  department  compared  with  that  in  other  garrisons 
at  Wesel  and  m  the  civil  population  : — 

Typhoid  Incidence  per  1,000. 


1904. 

1905. 

1906. 

1907. 

2-74 

19-18 

5-48 

54-79 

0 

1-07 

0-53 

0-26 

0-36 

1-18 

0-2 

061 

1908. 


Affected  artillery  detachment... 
Other  garrisons 
Civil  population 


2-74 

0 
01 


The  table  shows  very  clearly  the  heavy  incidence  of  typhoid 
fever  in  the  artillery  detachment. 

All  three  batteries  of  artillery  were  equally  affected  (1st  Battery, 
11  cases  ;  2nd  Battery,  9  cases  ;  3rd  Battery,  11  cases),  and  not 
Sergeant  B.'s  battery  only.  B.  stated  that  he  was  in  the  habit  of 
passing  his  urine  only  in  the  latrine.  He  may,  however,  in 
Niepratschk's  opinion,  have  urinated  occasionally  in  the  stalls,  so 
that  the  persons  who  had  to  change  the  straw  or  clean  the  stalls 
may  readily  have  soiled  their  fingers  or  the  soles  of  their  boots  with 
the  typhoid  bacilli.  When  they  came  to  clean  their  boots  the  same 
danger  was  present.  It  was  significant  that  the  shoemaker  who 
mended  Sergeant  B.'s  boots  took  typhoid  fever.  Out  of  the  28 
cases  only  two  "  Unteroffizieren  "  (the  class  to  which  Sergeant  B. 
belonged)  developed  typhoid  fever,  and  it  is  suggested  that  their 
immunity  arose  from  the  fact  that  they  did  not  brush  their  own 
boots. 

Sergeant  B.  was  isolated  for  two  years,  and  no  further  cases 
occurred  in  the  regiment.  The  treatment  adopted  with  apparent 
success  in  the  case  of  Sergeant  B.  will  be  referred  to  in  the  chapter 
on  urinary  carriers. 

The  following  regimental  cases  at  Kilworth  (Ireland)  are  reported 
for  convenience  in  this  chapter  although  the  carrier  in  question  was 
a  civilian.  The  infection  was  transmitted  by  milk  contaminated  by 
the  carrier.  Dorgan  (1910)  has  recently  published  a  brief  account 
in  the  Journal  of  the  Royal  Army  Medical  Corps,  and  from  this  1 
quote  the  following  particulars  : 

Twenty- four  cases  in  all  occurred  among  the  various  regiments 
stationed  at  Kilworth  during  the  period  May  to  August,  1909,  and 
the  following  tal)le  shows  the  dates  of  onset  with  remarks  relative 
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to    tlie    origin    of    tlie    milk    supplied    to    the    respective    messeR 
affected  : — 


I 


No. 

Name. 

Regiment. 

Onset, 

Remarks. 

1 

Captain  C.  ... 

E.  Yorks... 

24.5.09 

Inspector  of  musketry.     Had  tea 
in  garrison  mess  about  end  of 
April. 

2 

Lieut.  D.     ... 

Sherwoods 

8.7.09 

17.7.09 

12,7,09  ) 
17.7.09  1 
15,7,09  f 
17.7.09  ) 

Lived  at  garrison  mess,     (O'Ns, 
milk.) 

3 

Pto.  R. 

SherwoodB 

Waiter  at  garrison  mess,     (O'Ns. 
milk.) 

4 
5 
6 

7 

Lieut.  P.     ... 
„      M.    ... 
Pte.  C. 
„    A.       ... 

S.  Lanes,... 

,, 

,, 

Officers  at  a  detached  mess  and 
used  O'Ns.  milk.  Privates 
acted  as  waiters. 

Died. 

8 

Capt.  B.      ... 

R.M.F.  ... 

26.8.09 

Regimental  mess.     O'Ns.  milk. 

9 
10 

Lieut.  H.    ... 
W 

R.A.M.C. 
R.W.F.... 

23.8,09  1 
24,8.09  J 

Garrison  mess.     O'Ns.  milk. 

11 
12 
13 
14 
15 
16 
17 

Lieut.  M.    ... 

„       D.     ... 

„      S.     ... 

„      H.    ... 

„      E.     ... 

„      C.     ... 
Capt.  S.       ... 

R.M.F.  ... 

„ 

,,        ... 

.,        ... 

,, 
,, 
„ 

28,8,091 
31,8.09 

1,9,09 
31,8,09  }- 

1,9.09 
30.8,09 

3.9.09  J 

16.8,09 
2.9.09 

Regimental  mess.     O'Ns.  milk. 

18 

Pte.  D. 

R.M.F.  ... 

Kitchen    man     (officers'    mess). 
Had   been  ill  a  few   days   on 
duty  and   may   have   infected 
the  mess. 

19 

Pte.  J. 

R.M.F.  ... 

Mess  waiter. 

20 

Pte.  S. 

R.M.F.  ... 

30.8.09 

Regimental  duty  :  the  only  case 
that  cannot   be   traced  to  the 

milk. 

1 

21 
22 

Lance-Serg.  S. 
Serg.  B.      ... 

R.M.F.  ... 

23.8,09 
21,80.9 

27,8,09 
19,8.09 

Died. 

i  Sergeants'  mess.     O'Ns.  milk. 

1 

23 

Pte.  G. 

Conn.  Rang. 

Mess  waiter.      Admits   drinking 
unboiled  milk. 

24 

Child  "  B."... 

R.E. 

Yisited   camp   and    drank    milk 
at  O'Ns.  farm  on  Aug.  10. 

! 

In  all  cases  the  milk  which  contrary  to  explicit  regimental  orders 
appeared  to  have  been  consumed  in  the  unboiled  state  by  the  soldiers 
attacked  came  from  the  same  farm  occupied  by  a  farmer  O'N. 
The  members  of  O'N's.  household  were  examined  by  the  VVidal 
test  and  one  girl,  a  dairymaid,  was  found  to  give  a  definite  reaction 
in  1  in  100.  After  some  difficulty,  specimens  of  her  excreta  were 
obtained,  and   the  B.  typhosus  was  isolated  from  her  urine.     This 


17376 


£2 


68 


woman  had  had  enteric  fever  in  1903  when  she  was  employed  at 
this  farm.  Six  months  after  her  attack  she  returned  to  her  duties 
there,  when  the  farmer  and  his  child  were  attacked.  In  1 906  she 
was  employed  in  a  similar  capacity  by  a  farmer  at  "  G "  near 
Kilworth.  Soon  after  her  arrival  the  farmer's  child  became  ill, 
then  the  farmer  himself  and  his  wife,  and  also  a  labourer's  wife  and 
child.  Two  other  children  who  had  been  at  a  boarding-school 
returned  home  on  vacation,  and  both  developed  typhoid  fever.  On 
February  1st,  1909,  she  returned  to  reside  at  O'N's  farm,  but  since 
November,  1908,  she  had  worked  there  at  odd  times.  Two  sisters 
of  O'N.  died  in  December,  1908,  of  an  acute  fever  which  was  since 
believed  to  have  been  enteric.  Also  a  carpenter  working  in  the 
camp  and  drinking  O'N's  milk  contracted  typhoid  fever  on 
February  7th,  1909.  It  was  further  ascertained  that  another 
married  sister  of  O'N.,  who  lived  on  a  farm  about  a  mile  away  was 
ill  with  enteric  fever  in  September,  1909.  There  was  much  com- 
munication between  the  two  houses.  Also  in  the  same  month  a 
civilian  post  office  clerk  contracted  typhoid  fever.  O'N.  supplied 
this  post  office  with  milk. 

Including  the  civilian  cases,  this  urinary  carrier  appears  to  have 
been  responsible  for  about  40  cases  of  typhoid  fever  altogether. 

Tsuzuki  (1910)  has  recently  reported  on  the  occurrence  of  carrier 
cases  in  a  division  of  the  Japanese  Army.  The  division  in  question 
(the  XVth),  which  was  formed  during  the  war  of  1904-5,  was  first 
attacked  by  typhoid  fever  while  in  Manchuria.  After  the  war  it 
remained  in  Korea  till  February,  1907,  when  its  quarters  were 
transferred  to  Narachino  about  30  kilometres  from  Tokio.  In 
October,  1908,  it  was  transferred  to  Toyohashi.  During  1906,  1907, 
and  1908  the  numbers  of  enteric  cases  were  respectively,  373,  211, 
and  64,  being  distributed  as  follows  : — 


Month. 

1906. 

1907. 

1908. 

January           

15 

1 

6 

February 

2 

2 

3 

March 

8 

1 

7 

April     ... 

— 

— 

9 

May      

4 

1 

14 

June     

16 

1 

16 

July      

44 

32 

— 

August 

54 

67 

4 

September 

87 

87 

4 

October 

80 

11 

1 

November 

50 

8 

_^- 

December        

13 

— 

Totals 

373 

211 

64 

The  bacteriological  examinations  were  carried   out   during   the 
eight  months,  Marc'h-Octobei',  1908,  and  there  were  examined— 
(1.)  All  persons  who  had  previously  had  typhoid. 
(2.)  Healthy  men  in  companies  where  a  new  case  had  occurred, 
(3.)  Persons  occupied  in  the  kitchens. 
(4.)  Convalescents. 
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In  all  5,109  examinations  were  performed  of  2,785  p(!rson.s.  TIk; 
results  of  this  investigation  are  detailed  in  Cliapt(;r  II.  A  total  of 
11  carriers  was  discovered,  viz.,  six  who  had  previously  had  enteric, 
two  who  had  no  record  of  typhoid,  and  three  convalescent  carriers. 
There  was,  therefore,  in  Tsuzuki's  view  little  doubt  as  to  the  origin 
of  the  outbreaks  in  this  division  both  during  the  (campaign  in 
Manchuria  and  in  their  quarters  in  Korea.  Since  the  carriers  were 
discharged  from  the  regiment,  the  garrison  at  Toyohashi  has  dis- 
played a  satisfactory  bill  of  health. 


CHAPTER   VII. 


Pathogenesis    of    the    Typhoid-Caruying    State,    with 
particular  reference  to  the  intestinal  carrier. 

The  discovery  of  the  typhoid  bacillus  in  cases  of  cholecystitis, 
cholelithiasis,  bone  abscesses,  &c.,  long  after  recovery  from  the 
primary  infection,  was  made  many  years  previously  to  the  recogni- 
tion of  the  typhoid- carrier.  The  fact,  also,  that  at  post-mortem 
examinations  of  persons  who  have  died  of  typhoid  fever,  the  typhoid 
bacillus  is  invariably  found  in  the  bile  and  in  the  upper  portion  of 
the  small  intestine  has  been  known  since  the  work  of  Anton  and 
Fiitterer  (1888)  and  later  of  Chiari  (1894),  and  many  others.  In 
1899  Droba  (1899)  recorded  a  case  of  cholelithiasis  which  was 
operated  on,  in  which  the  B.  typhosus  was  isolated  from  the  gall 
bladder  contents  as  also  from  the  interior  of  the  gall  stone.  The 
interval  since  the  primary  typhoid  infection  was  17  years. 

Similar  finds  of  the  B.  typhosus  in  cases  of  cholelithiasis  at  longer 
or  shorter  periods  after  typhoid  fever  were  made  by  Miller  (1898), 
Brion  (1901),  Findlay  and  Buchanan  (1906),  Simon  (1907),  Dudgeon 
(1908),  and  many  other  observers. 

A  delinite  history  of  a  typhoid  infection  in  these  cases  may  be 
wanting.  Thus  Blumenthal  (1904)  records  two  cases  where  there 
was  no  previous  history  pointing  to  typhoid  or  any  like  infection. 
One  of  these  was  a  woman  of  37  years  who  did  not  remember 
having  an  attack  of  typhoid  fever.  At  the  operation  the  gall 
bladder  contained  two  round  stones,  the  cystic  duct  and  the  chole- 
dochus  were  patent,  and  the  typhoid  bacillus  was  recovered  from 
the  pus  in  the  gall  bladder  but  not  from  the  gall  stones.  In  this 
case  the  faeces  and  urine  were  examined  and  found  negative.  It 
must  be  remembered,  however,  that  a  single  negative  examination 
of  the  excreta  can  lead  to  no  definite  conclusion. 

Though  this  person  had  never  had  typhoid  fever  according  to  her 
own  story,  it  was  ascertained  that  her  husband  died  of  typhoid 
fever,  that  her  brother  and  a  child  of  her  own  (10  months  old) 
suffered  from  a  typhoidal  attack  in  the  beginning  of  .January,  1904, 
while  in  a  house  only  100  yards  distant  there  had  been  five  cases  of 
typhoid  fever.  It  seemed  therefore  highly  probable  in  vicAv  of  such 
evident  association   with  typhoid  cases,  that  she  may  have  passed 


70 

through  an  ambulant  form  of  fever,  culminating  in  cholelithiasis. 
Her  serum  agglutinated  the  homologous  strain  in  the  unusually 
high  dilution  of  1  in  2,500.  Cushing's  (1898)  case  also  presented  no 
history  of  enteric  fever.  The  Widal  reaction  was  positive,  and 
typhoid  bacilli  were  present  in  the  bile. 

The  case  reported  by  Finlay  and  Buchanan  in  1906  presents 
points  of  great  interest  in  connection  with  the  carrier  question,  as 
it  is  one  of  the  few  cases  in  which  examination  of  the  faeces  was  carried 
out.  A  married  female,  aged  5 1  years,  had  suffered  from  weakness, 
loss  of  appetite,  and  a  severe  bilious  attack  two  months  before 
seeking  advice  (August,  1905).  In  1880  she  had  had  a  febrile  attack 
lasting  three  weeks,  which  was  thought  to  be  gastric  fever.  On 
examination  in  August,  1905,  a  large  painless  tumour  was  found  in 
the  region  of  the  gall  bladder.  Her  temperature  reached  103*2°  F., 
and  during  the  first  five  days  while  she  was  under  observation  the 
temperature  curve  suggested  that  of  a  declining  typhoid  fever,  but 
there  wen;  none  of  the  classical  signs  of  the  disease.  Her  blood 
gave  a  positive  Widal  reaction  (1  in  50  in  one  hour).  A  diagnosis 
of  typhoidal  cholecystitis  was  made  and  was  supported  by  the  dis- 
covery of  typhoid  bacilli  in  the  faeces.  At  the  operation  on 
15th  August  the  gall  bladder  was  found  to  be  greatly  distended, 
and  a  clear  water  fluid  escaped  followed  by  milky,  and  finally, 
purulent  material.  Drainage  was  resorted  to,  and  from  19th  August 
to  22nd  September  typhoid  bacilli  were  constantly  present  in  the 
discharge.  About  30  small  stones  were  washed  out  at  intervals. 
Bacteriological  examination  of  the  discharge  on  the  22nd  and 
28th  September  did  not  reveal  the  presence  of  the  typhoid  bacillus. 
On  4th  October  signs  of  pleural  effusion,  breathlessness,  and 
abdominal  distension  supervened,  and  death  took  place  on  14th 
October  as  the  result  of  cardiac  failure.  The  pleural  fluid  was 
sterile.  Unfortunately  no  post-mortem  examination  was  made  in 
this  case,  but  it  seems  highly  probable  in  the  light  of  very  similar 
cases  reported  of  late,  that  this  woman  had  been  for  many  years  a 
chronic  carrier  and  had  succumbed  to  an  autoinfection.  ( Vide 
Chapter  YIII.) 

In  a  case  reported  by  Dudgeon  there  was  no  history  of  typhoid 
fever.  The  patient  had  served  in  the  Army  in  India  and  in  1900 
had  suffered  from  a  severe  attack  of  colic.  No  further  attack  took 
place  until  six  months  before  coming  to  hospital  (1908).  Jaundice 
supervened  and  his  blood  gave  a  reaction  in  a  dilution  of  1  in  500. 
An  operation  was  performed  and  a  gall  stone  was  removed  which 
was  sterile,  but  the  bile  contained  typhoid  bacilli.  The  faeces  and 
urine  were  negative.  Three  weeks  later  the  bile  still  showed  the 
B.  typhosus. 

An  acute  cholecystitis  may  however  occur  at  a  very  early  period 
of  convalescence  from  typhoid  fever.  The  case  reported  by  Gilbert 
and  Girode  (1893),  is  of  interest  from  the  fact  that  a  microscopical 
examination  was  made  of  the  gall-bladder  wall.  The  patient  was  a 
female  of  45  years,  who  developed  a  i)urulent  cholecystitis  in  the 
fifth  month  of  her  convalescence  from  typhoid  fever.  On  operation 
calculi  were  found  and  the  typhoid  bacillus  was  present  in  the  pus. 
Sections  of  the  bladder-wall  showed  accumulations  of  small  cells  in 
the    mucosa,   witli    masses    of    typhoid   bacilli   embedded  in   them. 
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TTilgermatin  (1909)  j^^ivcH  «in  account  ol*  a  woman  (a^cd  29  yoarH) 
who  contracted  tpyliowi  fevci"  on  23rd  Au<^'ust,  1908,  and  wIkjhc 
temperature  fell  to  normal  on  24th  September.  Shortly  afterv/ards 
a  sudden  attack  of  gall  stone  colic  supervened  and  in  the  course  of 
ten  days  a  tumoui-  developed  in  tlie  gall  bladder  region.  On 
4th  October,  1908,  the  gall  bladder  was  extirpated.  The  faeces 
on  16th  October  were  negative,  but  on  20th  October,  typhoid  bacilli 
were  present.  Later  examinations,  however,  were  negative  and  she 
was  discharged  cuied  on  20tli  November.  The  gall  bladder  con- 
tained 300  c.c.  of  foul-smelling  fluid  and  a  stone  of  the  size  of  a 
pea.  From  the  pus  the  B.  typhosus  was  recovered  in  pure  culture. 
Histological  examination  of  the  gall-bladder  wall  showed  disappear- 
ance of  the  epithelium,  and  inflammatory  infiltrates  in  the  submucosa 
and  muscularis.  Typhoid-like  bacilli  were  present  only  in  the 
subserosa.  In  Hilgermann's  view  the  bacilli  had  penetrated  from 
the  inside  of  the  gall-bladder  through  the  epithelium  into  the  deeper 
layers  and  so  to  the  outer  wall.  One  might  therefore  readily 
conceive  how,  with  a  chronically  inflamed  mucosa  and  the  presence 
of  typhoid-nests  in  the  layers  of  the  bladder  wall,  fresh  infections 
of  the  gall  bladder  contents  might  periodically  occur  and  so  in  some 
measure  explain  the  intermittent  excretion  of  bacilli  by  the  faeces. 
The  importance  of  a  case  like  this  lies  in  the  fact  that  some  light  is 
thrown  on  the  pathogenesis  of  the  typhoidal  cholecystitis  and  all 
such  observations  are  of  value  at  the  present  time.  As  we  shall  see 
a  very  similar  condition  of  affairs  has  been  found  in  fatal  cases  of 
enteric  fever  (Josef  Koch  (1909))  and  experimentally  in  rabbits 
(Chiarolanza  (1909)). 

I  have  mentioned  that  the  faeces  contained  typhoid  bacilli  on  the 
16th  day  after  operation  and  thereafter  were  typhoid  free.  In  con- 
nexion with  treatment  in  Chapter  X.,  the  value  of  cholecystectomy 
as  a  remedy  for  the  carrier  condition  will  be  discussed,  but  it  may 
be  remarked  here  that,  in  order  to  be  certain  that  the  patient  is 
bacteriologically  typhoid  free,  a  much  longer  period  of  observation 
is  necessary.  The  case,  however,  was  a  very  early  one  in  typhoid 
convalescence  and,  as  such,  it  seems  quite  possible  that  a  bacterio- 
logical cure  was  affected  before  chronic  changes  in  the  gall  bladder 
and  in  the  neighbouring  parts  had  had  time  to  establish  themselves. 

A  case  bearing  on  this  point  has  been  under  observation  by 
Theodore  Thomson  and  the  author.  Mrs.  B.  had  enteric  fever  in 
June,  1909,  and  was  discharged  from  hospital  on  2nd  July.  The 
last  two  of  the  three  examinations  of  her  faeces  before  discharge 
were  positive  but  the  urine  was  always  negative.  No  further 
samples  could  be  procured  from  her  after  her  discharge.  She 
commenced  to  suffer  from  gall  stone  colic  in  October  and  was 
admitted  to  St.  Bartholomew's  Hospital  on  1st  November,  1909. 
The  stools  and  urine  were  there  examined  with  negative  results  on 
2nd  November.  On  19th  November  she  was  operated  on,  when  a 
small  gall  bladder  with  thick  walls  and  full  of  stones  was  removed. 
The  contents  of  the  gall  bladder  contained  typhoid  bacilli  but  the 
faeces  and  urine  were  negative. 

Samples  of  this  woman's  stools  and  urine  were  examined  by  me 
on  7th  December,  1909,  when  the  faeces  were  found  to  contain 
typhoid  bacilli.     She    was    discharged   on    loth   December,    1909. 
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Another  examination  of  the  fasces  in  February,  1910,  was  negative. 
It  is  of  great  importance  that  a  case  like  this  should  be  periodically 
examined  with  a  view  to  discovering  whether  a  real  cure  has  been 
effected.  It  has,  however,  proved  impossible  to  obtain  further 
samples  of  the  woman's  excreta. 

Hertz  and  Adams  (1910)  have  also  reported  a  case  in  which  a 
purulent  cholecystitis  accompanied  by  gall-stones  intervened  at  an 
early  period  in  convalesence  from  typhoid  fever.  The  patient 
(female  of  24  years)  was  admitted  to  the  Brook  Fever  Hospital 
on  22nd  December,  1909.  Her  temperature  fell  to  normal  on 
2nd  January,  1910,  but  a  relapse  occurred  from  14th  January  to 
24th  January.  On  1st  February,  1910,  she  complained  for  the 
first  time  of  pain  in  the  epigastrium  and  back,  accompanied  by 
vomiting.  The  gall-bladder  was  found  to  be  enlarged  and  tender. 
On  18th  J'ebruary  the  temperature  rose  to  99*4°F.  and  she  was 
sent  to  Guy's  Hospital,  where  she  was  operated  on  the  same 
evening.  The  gall-bladder  was  opened  and,  after  about  4  ozs.  of 
colourless  clear  fluid  had  escaped,  about  ^  oz.  of  pus  was  evacuated 
along  with  25  facetted  cholesterol  gall-stones.  The  B.  typhosus  was 
recovered  from  the  pus  and  from  the  centres  of  some  of  the  gall- 
stones. The  gall-bladder  was  drained  and  the  patient  made  a  good 
recovery. 

Since  the  discharge  of  this  case  from  hospital  I  have  had  an 
opportunity  of  examining  her  excreta  on  two  occasions,  viz.,  2nd 
April,  1910,  and  13th  May,  1910.  On  both  occasions  the  faeces 
were  found  to  contain  typhoid  bacilli,  so  that  no  improvement  in  the 
carrier  condition  can  so  far  be  recorded  as  the  result  of  the  operative 
procedures  carried  out. 

Hitherto  I  have  referred  to  the  finding  of  the  B.  typhosus  in 
persons  suffering  from  cholelithiasis  who  had  not  previously  been 
regarded  as  typhoid  carriers  in  the  sense  in  which  the  term  is  used 
in  this  memoir,  but  there  can  be  little  doubt  that  many  of  these 
cases  would  have  been  found  to  be  actively  or  intermittently 
excreting  the  B.  typhosus  in  the  faeces  had  the  attention  of  the 
bacteriologist  or  those  concerned  been  directed  to  this  possibility. 

Before  passing  to  the  discussion  of  recognised  typhoid  carriers 
and  their  relation  to  gall-bladder  troubles,  some  mention  may  be 
made  of  the  positive  Widal  findings  so  often  referred  to  in  jaundiced 
patients  before  the  carrier  condition  was  recognised.  According  to 
Kohler  (1902),  who  collected  614  references,  which  had  appeared 
up  to  the  spring  of  1901,  concerning  the  agglutinins  in  typhoid 
fever,  the  prevailing  idea  then  was  that  the  presence  of  bile  elements 
in  the  blood  serum  influenced  the  agglutinating  power  of  the  latter 
towards  the  typhoid  bacillus.  As  a  matter  of  fact  the  bile  itself, 
though  it  possesses  in  low  dilutions  an  agglutinating  effect  on  the 
typhoid  bacillus,  shows  no  greater  agglutinating  power  over  typhoid 
bacilli  in  persons  dying  of  typhoid  fever  than  in  persons  dying  of 
other  diseases. 

By  inj(!cting  into  dogs  and  rabbits  the  various  elements  of  the 
bile  (taurocholic  acid,  cH:c.)  or  by  creating  artificial  biliary  stasis 
through  ligature  of  the  ductus  choledochus,  Kohler  attempted  to 
show  that  the  agglutinating  power  of  the  serum  towards  the  B. 
typhosus  is  artificially  developed.     Foi'  example,  in  one  experiment 
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])of'()ro  operation  the  serum  gave  no  a<]^frluti nation  in  a  dilution 
of  I  in  10.  After  operation  when  bile  pigment  was  procMit  in  the 
urine,  th(5  serum  gave  a  slight  i-eaetion  at  1  in  GO,  and  in  another 
case  a  slight  reaction  at  1  in  20.  It  cannot  be  admitted,  however, 
that  the  figures  are  at  all  significant  and  Furthei*  experiments  by 
Venema  (1906)  showed  that  tlie  addition  of  human  bile  to  sc;rum 
did  not  inlluence  its  agglutinating  power  towards  B.  typhosus  or 
B.  paratyphosus. 

Carriers  and  Gall  Stone  Disease. 

Quite  a  large  number  of  carriers  suffer  from  gall  stones,  while  in 
others,  though  symptoms  may  have  been  absent,  a  condition  of 
cholelithiasis  has  been  almost  invariably  found,  whether  on  exami- 
nation post  mortem  or  at  operations  directed  towards  bacteriological 
cure  of  the  carrier  condition.  As  early  as  1892  Naunyn  (1892')  had 
observed  that  gall  stone  troubles  frequently  occurred  in  persons  who 
had  suffered  from  typhoid  fever. 

Forster  (1908)  was  the  first  to  direct  attention  to  the  association 
of  gall  bladder  complaint  with  typhoid  carriers.  He  found  that 
out  of  a  total  of  194  convalescent  carriers,  who  continued  to  carry 
the  bacilli  for  some  weeks  after  convalescence,  29  per  cent,  were 
men,  45  per  cent,  were  women,  and  26  per  cent,  were  children.  On 
the  other  hand  out  oF  173  chronic  carriers  who  continued  to  excrete 
the  bacilli  from  1  up  to  30  years  after  the  primary  attack,  79  per 
cent,  were  women,  17  per  cent,  were  men,  and  4  per  cent,  were 
children.  This  striking  preponderance  of  female  chronic  carriers 
over  male  (nearly  5  to  1)  suggested  a  strong  analogy  to  the  relative 
gall  stone  incidence  in  the  female  and  male,  which  is  approximately 
3  to  1.  As  a  matter  of  fact  25  (i.e.,  14  per  cent.)  of  the  173  chronic 
carriers  referred  to  presented  gall  stone  symptoms  during  life,  while 
the  remaining  86  per  cent,  had  no  such  symptoms.  This  accords 
well  with  the  known  fact  that  90  per  cent,  of  all  gall  stone  cases 
present  no  symptoms  during  life.  Similar  percentages  have 
been  obtained  by  other  observers,  e.^.,  Mayer,  G.  (1910)  i^vide 
Chapter  II.). 

There  has  been  considerable  discussion  as  to  whether  the  typhoid 
bacillus  directly  excites  the  formation  of  the  gall  stone  and  even 
forms  a  nucleus  for  it,  or  whether  the  stone  is  preformed  and  is  later 
penetrated  by  the  typhoid  bacillus.  The  question  cannot  yet  be 
considered  as  settled,  but  the  chief  arguments  on  either  side  may, 
with  advantage  be  referred  to  here. 

In  the  first  place  the  typhoid  bacillus  has  been  repeatedly  isolated 
from  the  centre  of  gall  stones  in  cases  of  cholelithiasis  operated  on 
by  the  surgeon  and  in  chronic  carriers  either  at  operation  or  at 
autopsy  (mV/c  Chapters  VIII.  and  IX.).  Individual  instances  of  such 
findings  need  not  be  mentioned  in  detail,  but  I  may  refer  here  to  a 
carrier  case  in  which  the  typhoid  bacillus  has  on  two  occasions  been 
isolated  from  gall  stones  passed  in  the  fieces.  This  case  has  been 
under  my  observation  for  two  years.  He  is  a  medical  mg,u,  and  has 
kept  accurate  records  of  his  gall  stone  attacks,  which  he  has  kindly 
placed  at  my  disposal.  The  primary  typhoid  infection  occurred  in 
November  and  December,  1896,  and  was  a  very  severe  cue  with  two 
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relapses.  Convalescence  was  established  at  end  of  February,  1897, 
and  on  August  24th  of  the  same  year  he  had  his  first  attack  of 
biliary  colic  which  was  accompanied  by  slight  jaundice  and  lasted 
four  days.  Two  further  attacks  had  their  commencement  on 
November  10th  and  December  13th  respectively.  In  1898  there 
was  only  one  attack  commencing  on  January  14th  and  lasting  five 
days.  The  patient  enjoyed  a  respite  from  gall  stone  colic  till  April, 
1902,  when  five  transient  paroxysms  lasting  each  half-an-hour 
occurred  on  5th,  11th,  14th,  16tli  and  20th  April.  No  stone  was 
passed. 

On  April  21st  a  severe  attack  occurred,  and  on  this  occasion  a 
mulberry-shaped  calculus  weighing  4  grains  and  consisting  of  bile 
pigment  was  found  in  the  stools. 

Transient  colic  attacks  were  experienced  on  May  4th  and 
♦June  23rd  followed  on  July  17th  by  a  severe  attack  lasting  five 
days  and  accompanied  by  slight  jaundice. 

On  July  27tli  there  was  a  less  severe  attack  lasting  two  days, 
and  a  calculus  similar  to  the  first  was  found. 

In  1903  the  first  attack  commenced  on  March  17th  and  lasted 
five  days;  a  calculus  was  found.  On  April  11th  a  similar  attack 
occurred,  with  passage  of  a  calculus.  There  were  also  similar 
attacks  lasting  two  days  and  with  passage  of  calculus  on  May  12th, 
June  2nd,  June  11th,  July  3rd,  August  18th,  and  September  loth. 

1904.  Attacks  occurred  on  July  5th,  7th,  and  August  18th,  with 
passage  of  calculi.  On  October  1st  there  was  a  severe  attack  with 
renewal  of  colic  on  fifth  day ;  two  calculi  were  passed.  On 
November  24th  an  attack  occurred  lasting  three  days  ;  a  calculus 
was  passed. 

Three  years  of  freedom  intervened. 

1907.  On  November  23rd,  24th,  28th  and  30th,  December  27th 
and  30th  there  were  transient  attacks  of  colic  unaccompanied  by 
passage  of  stone. 

1908.  On  January  2nd  occurred  the  severest  attack  yet  ex- 
perienced, requiring  the  administration  of  an  anaesthetic  ;  a  stone 
was  passed.  On  March  14th  biliary  colic  began  and  lasted  three 
days.  The  stone  passed  on  this  occasion  was  submitted  to  bacterio- 
logical examination  (at  the  Lister  Institute)  and  found  to  contain 
typhoid  bacilli.  From  that  date  to  the  present  numerous  examina- 
tions have  been  made  of  his  faeces  and  of  occasional  gall-stones.  On 
March  24th  he  suffered  from  two  days'  illness ;  no  stone  was 
passed. 

1909.  On  May  5th,  6th  and  7th  transient  attacks  occurred, 
each  lasting  half-an-hour.  Later,  on  the  7th,  a  severe  attack 
ensued  lasting  tliree  days,  and  accompanied  by  passage  of  a  stone. 
On  October  3rd  prodromal  colicky  pains  began  at  11  a.m.  and 
severe  colic  at  9  p.m.,  which  entailed  confinement  in  bed  till 
6th  October  ;  a  calculus  was  passed. 

This  last  calculus,  which  was  passed  on  6th  October,  1909,  was 
placed  on  cotton-wool  in  a  pill  box,  and  was  not  handed  over  for 
bacteriological  examination  until  3rd  November,  1909.  It  was  a 
brown  friable  pigment  stone  of  the  size  of  a  large  pea.  Owing  to 
its  rough  friable  and  porous  character,  it  was  impossible  to  sterilise 
the  exterior  thoroughly.     Accordingly  it  was  shaken  in  a  tube  of 
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.sterile  brotli,  removcKl,  flipped  in  {ilcofiol  nnd  flamed  two  or  tlirce 
times,  and  Hiially  gi'ound  up  in  ji  mortar  containin<^  a  small  ({uantity 
of  sterile  broth.  The  washin^^s  and  the  stone  emulsion  were  then 
immediately  plated  on  bile-salt-laetose-agar.  Next  day  the  ])late8 
contained  enormous  numbers  of  typhoid  bacilli  in  pure  (Milture. 
The  strain  was  agglutinated  by  an  antiserum  in  dilution  of  1  in 
7,000,  and  was  lethal  for  a  guinea-pig  of  250  grms.  weight  (intra- 
peritoneal injection)  in  0*5  c.c.  of  a  48-hours  broth  culture.  That 
the  typhoid  bacillus  would  be  viable  in  a  gall-stone  after  a  month's 
sojourn  in  cotton  wool  was  not  anticipated,  and  in  view  of  the 
positive  result  two  gall-stones,  passed  by  the  same  patient  on 
9th  May,  1909,  and  29th  December,  1907,  respectively,  were 
examined  in  a  similar  way  on  5th  November,  1909.  Neither, 
however,  contained  typhoid  bacilli.  Kramer  (1907)  had  also  observed 
that  typhoid  bacilli  contained  in  apparently  dried  up  bile  salts 
retained  their  vitality  for  a  considerable  time. 

At  the  close  of  Chapter  XII.  will  be  found  details  concerning 
the  bacteriological  examination  of  the  excreta  of  the  above  case  (P.). 

A  case  in  many  respects  similar  to  the  above  was  reported  by 
Dean  (1908).  The  carrier,  who  was  also  a  medical  practitioner,  had 
passed  through  a  severe  attack  of  enteric  fever  29  years  previously. 
Within  three  months  of  his  illness  he  had  an  attack  of  acute  pain  in 
the  gall-bladder  region,  and  for  more  than  a  year  thereafter  he 
suffered  from  biliary  crises  at  intervals  of  about  three  months. 
Jaundice  w^as  occasionally  a  feature  of  these  attacks.  Afterwards, 
however,  the  attacks  became  less  frequent  (one  or  two  per  annum), 
and  they  have  never  led  to  any  interference  with  his  medical  work. 
His  faeces  showed  on  examination  (in  spring  of  1908)  enormous 
numbers  of  typhoid  bacilli,  but  the  urine  was  negative.  His  serum 
gave  a  negative  Widal  reaction.  Since  1908  numerous  examinations 
of  his  faeces  have  been  made  with,  as  a  rule,  positive  results. 
N  either  of  the  above  two  cases  is  known  to  have  caused  infection 
in  other  persons. 

Bacmeister  (1907)  reported  the  bacteriological  examination  of  a 
series  of  20  gall-stones  from  various  cases.  Of  these  16  were  sterile 
and  four  contained  bacilli  in  the  centre,  viz.,  B.  coli  (two  cases) 
and  B.  typhosus  (two  cases).  One  of  these  latter  was  a  female  who 
died  of  typhoid  fever  in  the  fourth  week  of  the  disease.  There  was 
no  evidence  in  this  case  of  a  previous  attack  of  typhoid  fever,  and  he 
considered  it  very  unlikely  that  in  three  weeks  the  typhoid  bacillus 
could  cause  the  formation  of  a  hard  stone  of  the  size  of  a  cherry, 
although  Mignot  (1898),  Droba  (1899),  Naunyn  (1892),  believed 
such  rapid  formation  possible.  Hertz  and  Adams  (1910)  calculated 
that,  in  their  case  reported  above,  the  gall-stones  must  have  taken 
less  than  68  days — probably  not  more  than  50  days  to  form.  The 
evidence  they  assign,  however,  is  not  indisputable  as,  although  there 
was  no  history  of  an  earlier  typhoid  infection,  the  authors  explicitly 
state  that  the  patient  had  occasionally  suffered  from  a  dull  aching 
epigastric  pain  since  the  birth  of  her  only  child  three  years  ago. 
In  Bacmeister's  view  stones  found  in  recent  cases  of  cholecystitis 
were  as  a  rule  sterile,  while  organisms  were  only  to  be  found  in  old 
stones  into  which  they  had  penetrated.  The  opposite  view  has  been 
held  by  other  observers,  e.g.,  Gushing,  viz.,  that  only  recently  formed 
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stones  contain  bacilli.  Gilbert  and  Fournier  (1896)  had  previously 
experimented  with  oall-stones  and  broth  cultures  of  B.  coli  and 
found  that  the  bacilli  wandered  in  when  the  stones  were  of  choles- 
terin,  but  not  in  the  case  of  other  stones.  Their  experiments  were 
repeated  by  Bacmeister,  who  placed  gall-stones  in  both  broth  and 
bile  cultures  of  B.  typhosus.  Most  of  the  stones  remained  sterile, 
but  in  two  cases  (after  eight  days  and  24  days  respectively)  the 
B.  typhosus  was  recovered  from  the  centre  of  the  stone.  One  of  these 
stones  was  a  mulberry  cholesterin  stone  of  the  size  of  a  hazel-nut 
while  the  other  was  a  facetted  stone  of  the  size  of  a  cherry.  They 
had  been  obtained  from  two  women  of  .S8  years  and  82  years  of  age 
respectively.  It  may  be  noted  that  no  mention  is  made  of  the 
history  of  these  women  or  of  the  interval  between  the  experiment 
and  the  obtaining  of  the  stones.  The  possibility  is  not  excluded 
that  these  cases  had  been  carriers,  and  the  typhoid  bacilli  may  still 
have  been  viable  in  the  stone  as  in  the  case  referred  to  above. 

The  fact  that  bacilli  can  penetrate  into  the  interior  of  gall-stones  is  a 
point  of  great  importance,  but  it  by  no  means  follows  that  in  the  genesis 
of  gall-stones  micro-organisms  play  an  entirely  passive  role.  The  ex- 
periments of  Gerard  (1905),  Kramer  (1907),  Bacmeister  (1908)  and 
others  go  to  show  that  embryonic  gall-stone  formation  may  be  observed 
in  test-tubes  containing  bile  cultures  of  B.  typhosus,  B.  coli,  and  other 
micro-organisms.  The  last-named  observer  found  that  B.  coli  and  B. 
typhosus,  B.  proteus,  and  especially  B.  pyocyaneus  could  cause  a  pre- 
cipitation of  cholesterin  from  filtered  bile.  True  concretions  were  also 
found  after  prolonged  growth  on  this  medium.  Their  ability  to  pro- 
duce such  precipitates  was  much  enhanced  by  employing  unfiltered  bile 
containing  epithelial  elements.  Similar  precipitates  of  cholesterin 
also  occurred  in  sterile  filtered  bile  in  which  no  micro-organisms  had 
grown,  so  that  in  the  genesis  of  the  pure  cholesterin  stone,  at  least, 
stasis  alone  can  act  as  the  exciting  factor.  The  presence  of  epithelial 
elements  or  bacteria  in  the  test-tube  experiments,  merely  accelerated 
and  intensified  this  precipitation  of  cholesterin.  For  the  genesis  of 
the  mixed  cholesterin-chalk  stone,  however,  they  believed  that  a 
chronic  inflammatory  condition  of  the  bladder  wall  was  essential. 
Exner  and  Heyrovsky  (1908)  performed  similar  experiments  with 
ox  bile  and  human  bile  and  also  with  broth  to  which  the  bile  salts 
were  added.  They  found  that  some  micro-organisms,  especially  those 
of  the  typhoid-group,  could  readily  break  down  the  bile  salts  (sodium 
glycocholate  and  sodium  taurocholate),  thus  causing  a  precipitate  of 
cholesterin.  In  this  reaction  they  believed  that  the  soaps  and  fatty 
acids  of  the  bile  played  no  part.  They  found,  indeed,  that  the  bile 
contained  only  a  very  small  proportion  of  true  fatty  acids. 

In  the  light  of  these  experimental  results  there  would  seem  to  be 
no  doubt  that  the  typhoid  bacillus  may  play  a  part  in  the  formation 
of  gall-stones,  but  at  present  we  are  unable  to  say  how  far  this 
formation  is  contributed  to  by  other  factors. 

Our  knowledge  of  the  relationships  of  B.  typhosus  to  the  gall- 
bladder has  been  (considerably  enhanced  by  animal  experimentation. 
So  long  ago  as  1899,  Blachstein  (1899)  and  Welch  (1899)  in  America 
demonstrated  that  in  labbits  which  had  been  inoculated  intravenously 
by  typhoid  bacilli  the  gall  bladder  might  continue  to  harbour  these 
organisms  for  a  very  long  period,  even  up  to  109  days. 
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Forstor  juid  Kaysor(190r)),  tlio  Tormer  oF,whom,  an  I  have  already 
noted,  put  forward  the  view  that  the  ^all  bladder  was  most  probahly 
the  seat  of  vef^etation  of  the  typhoid  bacillus  in  carriers,  repeated 
the  experiments  of  Blachstein  and  Welch  with  a  view  to  reproduc- 
ing the  carrier-state  in  the  rab})it.  They  also  found  that  after 
large  doses  given  intravenously  the  bile  might  still  be  infective  six 
weeks  later.  Typhoid  bacilli  could  also  be  recovered  in  some  cases 
from  the  uppei-  intestine.  Further,  they  made  the  important 
observation  that  in  cases  in  which  the  bile  was  sterile  the  typhoid 
bacillus  could  occasionally  be  isolated  from  the  gall  bladder  mucosa. 
Similarly  in  man  at  a  very  early  stage  in  the  disease  the  bacilli 
would  reach  the  gall  bladder  and  there  set  up  definite  lesions  which 
might  or  might  not  be  accompanied  by  distinctive  clinical  symp- 
toms. According  to  Forster  and  Kayser  the  bacilli  would  reach 
the  liver  by  the  blood,  be  excreted  by  the  bile  and  so  reach  the  gall 
bladder. 

In  the  same  year  Doerr  (1905)  recorded  the  results  of  experi- 
ments undertaken  to  test  whether  the  typhoid  bacilli  reached  the 
gall  bladder  by  the  downward  route  from  the  liver  through  the 
blood,  or  by  the  upward  route  from  the  intestine.  They  showed 
that  bacilli  appeared  in  the  gall  bladder  as  early  as  eight  hours 
after  intravenous  inoculation.  When,  however,  the  hepatic  duct 
was  ligatured  the  bile  invariably  remained  sterile.  Also  when  the 
cystic  duct  was  ligatured  no  bacilli  could  be  demonstrated  in  the 
bile,  thus  proving  that  the  bacilli  travelled  by  the  bile  and  not  by 
the  blood  vessels  of  the  gall  bladder  itself.  These  latter  experi- 
mental results  dealing  with  ligature  of  the  cystic  duct  have  recently 
been  called  in  question  by  Koch,  J.  (1909),  and  Chiarolanza  (1909). 
The  former  (at  the  instigation  of  Frosch,  who  believed  that  not 
only  the  gall  bladder,  but  also  the  biliary  tracts  and  perhaps  the 
liver  itself  were  seats  of  vegetation  of  the  typhoid  bacillus  in 
carriers)  investigated  the  histology  of  the  gall  bladder  mucosa  in  a 
fatal  case  of  typhoid  fever.  The  patient  had  died  of  heart  failure 
in  the  third  week  of  the  disease. 

The  organ  contained  cloudy,  slimy,  green  bile,  and  its  walls  were 
much  thicker  than  normal.  No  stones  were  present.  Typhoid 
bacilli  were  recovered  from  the  gall  bladder  wall,  the  larger  biliary 
tracts,  the  mesenteric  glands,  renal  pelvis,  and  small  intestine,  but 
not  from  the  heart  blood.  On  microscopical  examination  the 
mucosa  of  the  gall  bladder  was  very  much  corrugated  and  papillated, 
and,  near  the  "extremities  of  the  papilla3,  typhoid  nests  were  found 
with  necrotic  areas  in  their  vicinity.  The  superficial  epithelium 
had  completely  disappeared  and  there  was  a  marked  inflammatory 
proliferation  of  the  sub-mucosal  folds.  A  conspicuous  feature  w^as 
the  close  relationship  of  these  typhoid  nests  to  the  minute  end- 
capillaries  of  the  sub-mucosal  papilla),  suggesting  that  the  baciHi 
had  reached  this  situation  solely  by  way  of  the  blood  vessels.  No 
organisms  were  demonstrable  microscopically  in  the  lumen.  Ihe 
experiments  of  Chiarolanza  entirely  supported  this  view.  Even 
within  two  hours  of  intravenous  injection,  typhoid  bacilli  were 
recovered  from  the  gall  bladder  wall.  Also,  contrary  to  Doerr's 
results,  bacilli  were  got  from  the  gall  bladder  when  the  cystic  duct 
was    ligatured.     The  histology   o'f  the    rabbit's    gall   bladder    was 
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essentially  similar  to  that  of  the  human  case  above  referred  to. 
The  walls  were  thickened  and  infiltrated  and  the  sub-mucosa  very 
cellular  with  papillary  proliferations  containing  typhoid  nests  at 
their  extremities.  Sections  of  the  bile  tracts  and  the  intestine 
showed  parallel  changes,  and  there  was  a  marked  small-cell  pro- 
liferation in  the  portal  areas  of  the  liver  itself.  It  would  appear, 
therefore,  that  the  main,  if  not  the  only  route,  of  the  typhoid 
bacilli  to  the  gall  bladder  is  by  the  vessels  of  that  organ  itself.  In 
any  case  this  is  the  chief  route  to  be  considered  in  drawing 
deductions  as  to  the  possible  value  of  surgical  interference  with  the 
gall  bladder  as  a  remedy  for  the  carrier-state.  The  bacilli  vegetate 
in  these  sub-mucosal  nests  and  not  in  the  bile  itself.  The  latter 
passively  receives  accessions  of  typhoid  bacilli  from  ruptured  nests 
either  in  the  bladder  mucosa  or  in  the  biliary  tracts.  I  shall 
further  discuss  the  bearing  of  these  facts  in  a  later  chapter 
{vide  Chapter  IX.). 

I  shall  conclude  this  section  with  certain  general  considerations 
which  have  been  put  forward  in  explanation  of  the  carrier  state. 
In  the  first  place  with  regard  to  the  preponderance  of  cholelithiasis 
in  the  female,  various  reasons  have  been  assigned,  such  as  the  wearing 
of  tight  corsets,  frequent  pregnancies,  &c.,  causing  portal  stasis. 

Similar  factors  may,  however,  according  to  Forster,  play  a  part 
in  rendering  males  liable  to  carry  the  bacillus  indefinitely  after  the 
primary  attack.  Thus  Forster  (1908)  mentions  the  case  of  a  man 
who  contracted  typhoid  fever  two  years  after  an  operation  for 
appendicitis.  After  his  recovery  his  wife  took  typhoid  fever  and 
the  husband  was  then  found  to  be  a  carrier. 

Owing  to  the  appendix  operation  and  ensuing  inflammation 
anatomical  changes  had  taken  place  in  the  peritoneum,  thus  altering 
the  circulatory  conditions  and  probably  predisposing  to  the  carrier 
state.  This  explanation  bv  Forster  may  have  some  foundation  in 
fact,  but  further  data  must  be  awaited  before  one  can  draw  any  defi- 
nite conclusions  on  this  point.  One  may  note,  however,  that  Lentz 
(1905)  had  already  suggested  that  the  greater  liability  of  women  to 
become  carriers  probably  bore  some  relation  to  the  circulatory 
disturbances  incidental  to  pregnancies  and  to  over-exertion  in  house- 
hold duties. 

An  interesting  view  lately  put  forward  by  Prigge  (1909)  in  order 
to  explain  the  higher  proportion  of  women  carriers  may  also  be  noted 
here.  Whereas,  according  to  Prigge,  the  incidence  of  enteric  fever 
on  females  reaches  a  maximum  between  the  ages  of  15  and  20  years, 
the  probability  that  a  woman  will  become  a  chronic  carrier  increases 
gradually  from  the  15th  to  the  45th  year.  This  fact  suggested  to 
him  the  possibility  that  predisposition  to  the  carrier  state  might  be 
induced  by  the  menstrual  and  puerperal  blood  losses.  There  is 
some  evidence  that  these  physiological  crises  are  accompanied  by  a 
diminution  of  the  alexin-content  of  the  blood  serum,  which  would 
render  the  subject  for  the  time  being  more  vulnerable  to  an  infecting 
micro-organism.  In  support  of  this  view  it  is  alleged  that  enteric 
fever  (often  mistakenly  diagnosed  as  puerperal  fever)  is  of  frequent 
occurrence  at  childbed.  If  to  the  general  blood  changes  at  these 
seasons  there  be  added  the  pressure  caused  by  a  gravid  uterus  on 
the  biliary  system,  there  would,  it  is  maintained,  be  a  sufficiency  of 
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factors  predisposinc^  to  the  carrier  state.  As  Racmeister  showed  in 
his  in  vitro  experiments,  stasis  fluids  ac(;elerato  the  pr(;('ipitation  of 
cholesterin  by  bacteria.  If  therefore  a  woman  who  has  pr(;viously 
had  an  attack  of  cholecystitis  contracts  enteric  fever,  the  chances 
of  her  remaining^  a  carrier  after  her  attack  woidd  be  intensified. 

Fornet  (1909)  has  recently  formulated  the  view  that  the  carrier 
state  iiJ  to  be  regarded  as  a  consequence  of  established  immunity  to 
the  typhoid  bacillus,  and  that,  in  fact,  the  bacilli  discharged  by  the 
carrier  may  not  necessarily  be  descended  from  those  which  caused 
the  primary  infection.  A  re-infection  takes  place  which,  according 
to  Fornet,  is  not  accompanied  by  any  clinical  symptoms.  The 
region  attacked  by  the  bacilh  in  this  re-invasion,  would  have 
acquired,  in  consequence  of  the  primary  attack,  such  a  tolerance  to 
the  micro-organism  as  to  render  its  saprophytic  existence  possible. 

This  view  was  based  by  Fornet  on  the  following  considerations: — 

Klinger  had  found  for  the  year  1907  of  the  typhoid  campaign  a 
carrier  output  of  only  '9  per  cent.,  whereas  most  individual  observers 
have  obtained  a  much  higher  percentage  (see  Chapter  II.).  Fornet 
thinks,  therefore,  that  persons  may  not  become  carriers  as  the  result 
of  the  primary  infection,  but  only  after  a  second  symptomless 
infection.  The  carrier  statistics  for  the  year  1908  (compiled  by 
Fornet)  are  adduced  in  support  of  his  view.  Thus,  in  that  year, 
91  carriers  (temporary  and  chronic)  were  discovered  in  the  course 
of  the  typhoid  investigations,  and,  as  Klinger  had  already  noted  in 
his  series  (Chapter  II.),  the  group  of  chronic  carriers  was  almost 
exclusively  made  up  of  adults,  whereas  among  the  temporary 
carriers  children  formed  a  large  contingent  (30  per  cent.).  Fornet 
argues  that,  as  the  adult  has  probably  had  more  opportunities  of 
having  passed  through  an  attack  of  typhoid  fever  than  the  child, 
the  prospect  of  his  becoming  a  carrier  as  the  result  of  a  second 
infection  would  be  correspondingly  greater.  Accordingly,  if  his 
view  that  the  carrier  state  is  the  culmination  of  a  symptomless 
re-infection  be  a  correct  one,  he  would  expect  to  find  among  the 
chronic  carriers  of  the  year  1908  a  greater  proportion  of  adults 
who  had  already  had  typhoid  than  of  adults  who  had  not  so  far 
suffered  from  the  disease.  As  a  matter  of  fact  59  per  cent,  of  the 
chronic  carriers  had  already  had  typhoid,  while  41  per  cent,  had  not 
yet  had  the  infection.  Among  the  temporary  carriers,  on  the  other 
hand,  74  per  cent,  had  not  yet  had  the  disease,  while  26  per  cent, 
had  recovered  from  a  primary  attack. 

It  does  not  appear  to  me  valid  to  employ  these  statistics  in  this 
way,  in  view  of  the  difficulty  of  determining  whether  a  person  who 
happens  to  be  a  temporary  carrier  has  really  passed  through  a 
typhoid  infection  or  not.  While  recognising  the  important 
distinctions  that  separate  the  two  groups  of  chronic  and  temporary 
carriers  particularly  in  the  matter  of  age  and  sex,  it  would  be 
unjustifiable  in  ttie  present  state  of  our  knowledge  to  lay  stress 
on  the  numerical  distinctions  between  the  carriers  in  each  group 
who  have  had  a  previous  infection  and  those  who  have  not. 
Indeed,  from  Klinger's  collected  statistics  up  to  1907  (see 
Chapter  II.)  it  is  seen  that  80  per  cent,  of  the  carriers  had 
had  a  primary  infection,  while  20  per  cent,  had  not.  Of  the 
temporary  carriers  43*6  per  cent,  had  had  a  primary  infection,  while 
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56*4  per  cent,  had  not.     Thus  the  relative  percentages  in  this  latter 
group  differ  considerably  from  those  of  Fornet  for  the  year  1908. 

Finally,  in  view  of  the  gradual  accumulation  of  cases  which  have 
been  traced  bacteriologically  from  the  convalescent  stage  onwards 
to  the  chronic  carrier  state,  such  a  theory  as  that  of  Fornet  would 
seem  to  me  at  present  uncalled  for.  It  is  imdoubtedly,  however, 
an  interesting  speculation,  and  it  remains  to  be  seen  what  amount 
of  support  is  lent  to  it  by  the  results  of  experimentation  on  the 
saprophytic  growth  of  pathogenic  bacteria  in  the  immune  organism. 


CHAPTER    VIII. 


Physical    Disabilities    op    the    Carrier   State,  Auto- 
infection,  &c. 

The  question  is  frequently  asked  whether  the  typhoid  carrier 
suffers  in  bodily  health  as  the  result  of  the  carrier  state,  or  whether 
ceteris  paribus  he  or  she  remains  a  normal  healthy  individual.  In 
general  it  may  be  said  that  the  carrier  who  has  no  definite  gall 
bladder  symptoms  is  little  if  at  all  inconvenienced  in  bodily  health 
by  the  fact  that  the  typhoid  bacillus  has  acquired  a  permanent 
habitat  in  some  portion  or  portions  of  his  anatomy.  Occasionally 
headaches  are  complained  of,  particularly  by  urinary  carriers,  and 
measures  taken  to  arrest  the  typhuria  have  reacted  favourably  on 
the  general  well-being  of  the^e  cases. 

Mayer,  G.  (1910),  however,  has  laid  stress  on  the  fact  that 
certain  carriers  of  the  intermittent  type  have  been  observed  to 
suffer  from  periodic  intestinal  disturbances  after  the  primary  infec- 
tion. He  states  that  these  are  specially  likely  to  occur  at  certain 
seasons,  e.cj.^  in  midsummer,  when  winter  merges  into  spring, 
autumn  into  winter,  and  that  at  such  seasons  it  is  advisable  to 
exercise  strict  bacteriological  supervision  over  declared  carriers. 
Also  it  must  be  admitted  that  in  persons  of  nervous  temperament 
who  arc  aware  of  their  condition  there  is  good  evidence  that  the 
knowledge  of  their  having  caused  disease  in  other  persons,  the 
consequent  anxiety  and  the  necessarily  harassing  precautions  to  be 
taken  with  regard  to  disinfection,  &c.,  develops  a  form  of  neurosis 
which  may  react  injuriously  on  the  general  bodily  health.  Such 
cases  have  not  infrequently  been  met  with,  and  the  fact  that  the 
carrying-state  may  have  this  unfortunate  and  serious  issue  calls  for 
the  greatest  tact  on  the  part  of  those  whose  duty  it  is  to  exercise 
supervision  over  carriers. 

In  this  section  I  propose  to  discuss  mainly  those  cases  in  which  a 
recognised  carrier  suddenly  develops  a  train  of  symptoms  pointing 
to  a  general  infection  by  the  bacillus  he  or  she  is  carrying.  Only 
a  f(nv  examples  have  so  far  been  reported  in  which  an  auto-infection 
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has  been  indicated,  but  they  are  of  such  importance  for  an  under- 
standing of  the  carrier-state,  that  they  will  be  referred  to  in  some 
detail.  ^ 

The  first  of  such  cases  was  recorded  by  Levy  and  Kayser  in 
1907.  The  patient  (female,  aged  35  years)  was  an  inmate  of  the 
Hordt  Asylum,  an  institution  in  which  13  other  carriers  were 
discovered  at  various  times  (1904-5).  She  was  admitted  to  tlie 
Asylum  as  an  epileptic  on  25th  March,  1903.  During  April  and 
May  of  the  same  year  she  suffered  from  a  remittent  fever,  which 
was  diagnosed  as  typhoid  fever  although  no  Widal  or  other  bacterio- 
logical test  was  made.  Two  years  later  when  carriers  were  l)eing 
sought  for  to  explain  the  typhoid  epidemics  in  the  asylum,  this 
woman  was  found  to  be  a  carrier  (16th  October,  1905).  Further 
examinations  of  her  stools  on  24th  November,  1905,  25th  January, 
1906,  6th  February,  1906,  2nd  March,  9th  April,  27th  April, 
28th  May,  11th  June,  and  29th  June,  1906,  were  positive,  while  the 
urine  remained  negative.  On  17th  October,  1905,  she  had  been 
isolated  along  with  the  other  carriers  and  a  year  later  (8th  October, 
1906)  she  became  ill  with  pain  in  the  stomach  region  and  constipa- 
tion. On  12th  October  she  was  put  to  bed  and  death  took  place 
on  the  18th,  following  a  febrile  attack  associated  with  severe 
pulmonary  symptoms.  The  autopsy  (19th  October)  revealed 
hypostatic  pneumonia  of  the  right  lower  lobe  and  a  slightly 
enlarged  spleen.  The  brain  appeared  normal.  The  gall  bladder 
contained  a  cholesterin  stone  of  the  size  of  a  bean.  Its  peripheral 
layers  were  sterile  but  from  the  centre  the  B.  typhosus  was 
recovered.  This  bacillus  was  also  isolated  from  the  liver-blood, 
the  spleen,  the  bile  and  gall  bladder  wall.  Though  the  post- 
mortem examination  was  performed  19  hours  after  death,  the 
bacteriological  results,  particularly  the  finding  of  typhoid  bacilli  in 
the  spleen  and  liver-blood  and  the  absence  of  other  micro-organisms 
led  to  the  conclusion  that  the  carrier  had  succumbed  to  a  general 
infection  by  her  own  bacillus.  The  ill-defined  pains  in  the  stomach 
region  on  8th  October,  1906,  might  very  well  fit  in  with  gall- 
bladder trouble,  as  it  is  well  known  (Naunyn,  1892,  Riedel,  1905) 
that  pain  arising  from  disturbance  of  the  latter  organ  may  be 
referred  to  the  stomach  region.  The  discovery  of  the  bacillus  in 
the  centre  of  the  stone  was  naturally  held  by  Levy  and  Kayser  to 
give  strong  support  to  Forster's  view  that  the  gall  bladder  is  the 
seat  of  vegetation  of  the  typhoid  bacillus  in  carriers. 

The  second  case  reported  by  Grimme  (1907)  as  one  of  auto- 
infection  will  be  referred  to  here,  though  the  actual  bacteriological 
proof  that  the  woman  had  been  a  chronic  carrier  was  wanting. 
The  patient  (aged  52  years)  was  also  an  inmate  of  an  asylum. 
Suddenly  when  at  work  she  developed  epileptiform  convulsions  and 
became  unconscious.  Her  temperature  was  38  °C.  and  there  was 
slight  splenic  enlargement.  Vomiting  occurred  while  the  patient 
was  being  examined.  On  the  second  day,  jaundice  developed  and 
the  liver  and  spleen  increased  in  size.  There  was  no  rash.  On  the 
third  day  a  Widal  test  was  positive  (1  in  800)  and  the  B.  typhosus 
was  got  from  the  blood  and  faeces.  Death  occurred  on  the  twelfth 
day.  At  the  autopsy  a  cancer  of  the  gall  bladder  was  found  which 
had  led  to  the  closure  of  the  ducts  and  so  to  jaundice.    One  gall  stone 
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was  present  but  the  typhoid  bacilhis  was  not  recovered  from  it. 
The  spleen,  bile  and  peritoneal  exudate,  however,  contained  typhoid 
bacilli.  Peyer's  patches  were  not  swollen  but  appeared  atrophic 
with  bluish  pigmented  patches  in  them  like  the  remains  of  some 
])revious  pathological  condition.  That  the  patient  had  had  typhoid 
fever  previously  was  rendered  probable  from  the  fact  that  in  1904 
when  outside  the  institution  she  had  suffered  from  a  febrile  attack 
with  diarrhoia,  slight  splenomegaly  and  a  doubtful  rash. 

A  very  similar  case,  affecting  also  a  female  lunatic  (64  years  of 
age),  is  reported  by  Kamm  (1909).      This  woman  in   November, 
1901,    passed   through   a   typical   attack    of    enteric    fever.      On 
12th  March,  1906,  in  the  course  of  a  systematic  examination  of  the 
female  inmates,  she  was  discovered  to  be  a  carrier.     Positive  results 
were  obtained  from  her  stools  on  8th  and  20th  March,  9th  and  27th 
April,  25th  May,  2nd,  12th  and  20th  June,  28th  July,  8th  and  14th 
August,  19th  October,  and  9th  December,  1906,  but  the  urine  was 
invariably  free  from  typhoid  bacilli.     In  spite   of  all  therapeutic 
efforts  to  free  the  patient  of  her  typhoid  bacilH,  72  out  of  the  85 
examinations  of  her  stools  during  1907  were  positive.    In  February- 
March,  1908,  pulmonary  troubles  pointing   to   phthisis   intervened 
and  tubercle  bacilli  were  found  in  the  sputum.     Death  occurred  on 
16th  March,  1908,  after  an  attack  of  cerebral  apoplexy  lasting  four 
days.    The  autopsy  revealed  carcinoma  of  the  gall  bladder  encroach- 
ing on  the  liver,  cholelithiasis,  secondary  growths  in  liver,  pleura?, 
lungs,   and   retroperitoneal   glands.      The  ductus   choledochus   and 
ductus  hepaticus  were  normal.     The  cystic  duct  was  thickened  and 
its  lumen  so  narrowed  that  a  sound  could  not  be  passed  through  the 
opening  into  the  choledochus.     The  gall  bladder  was  much  dilated 
and  contained  195  polyhedral  stones  of  which  the  largest  weighed 
18   grammes.      The   spleen   was   enlarged  but  not  the  mesenteri(5 
glands.     From  the  gall  bladder,  the  biliary  tracts,  the  interior  of 
the  large  stone,  the  right  and  left  lobes  of  the  liver,  the  lungs,  bone 
marrow,  and   spleen   and  all   portions   of  the   intestinal    tract,  the 
typhoid  bacillus  was  recovered.     It  was  not  present,  however,  in 
the  heart  blood,  the  small  stones,  or  the  cervical  mesenteric  and 
retroperitoneal    glands.      How  far    this   general    infection   by  the 
typhoid    bacillus   had    contributed    to    the    patient's   death    it   was 
impossible  to  say.    The  author  refused  to  consider  that  the  typhoid 
bacillus  had  merely  invaded  a  weakened  organism  for  the  reason 
that,  in  another  case  observed  by  him  (inde  Chapter  IX.),  where  the 
bodily  enfeeblement  was  equally  great,  there  was  no  general  dis- 
tribution of  the  typhoid  bacilli.     With  the  view  of  throwing  some 
light  on  the  matter  Kamm  made  an  interesting  experiment  which 
may  be  quoted  here.     Under  an  anaesthetic  he  introduced  a  piece 
of   pumice   stone   (of  the  size   of  a    pea)   saturated   with  a   broth 
culture  of  the  typhoid  bacillus  into  the  gall  bladder  of  a  rabbit 
(16th  December,  1907).     The  bladder  was  then  sewn  up  and  the 
animal    quickly   recovered.      Repeated    examination    of    the    blood 
after  the  operation  showed  that  no  invasion  of  the  blood  stream  by 
the   typhoid  bacillus    had   taken  place  during   the   operative  pro- 
cedures.     .Judging   that   the    animal   would   still   be   carrying  the 
bacillus  at  a  period  of  three  weeks  after  the  operation,  he  selected 
uranium  nitrate  as  a  substance  calculated  on  injection  to  produce 
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an  oxtremcly  weakening  effect  upon  the  animal.  On  the  20th,  21.st, 
22nd  and  23rd  days,  therefore,  after  tlie  operation,  1  c.c.  of  a 
5  per  cent,  solution  of  this  su})stance  was  injected.  Extreme 
emaciation  resulted,  followed  by  death  five  days  after  the  com- 
mencement of  this  treatment.  At  the  autopsy  the  kidneys  showed 
parenchymatous  nephritis,  but  the  typhoid  bacillus  was  not  recovered 
from  the  blood,  spleen  or  kidneys.  It  was,  however,  isolated  from 
the  bile,  the  pumice  stone,  the  duodenum,  ileum  and  mesenteri(r 
glands.  Thus  the  uranium  nitrate  did  not  lead  to  a  general  invasion 
by  the  typhoid  bacillus  and  the  problem  has  to  be  left  undecided. 
Further  experimental  ^vork  on  these  lines  is  desirable  as  there  has 
been  a  tendency  in  recent  years  to  attach  a  perhaps  unwarrantable 
degree  of  importance  to  those  bacillary  invasions  which  have  been 
found  to  occur  in  mentally  enfeebled  persons. 

The  instances  I  have  mentioned  so  far  have  all  been  fatal  cases 
in  which  the  auto-infection  was  verified  by  extensive  bacteriological 
examinations  made  after  death.  The  literature  of  this  subject  also 
contains  not  a  few  examples  of  typhoid  relapses  in  typhoid  carriers 
which  did  not  lead  to  a  fatal  issue. 

Davies  and  Walker  Hall  (1908)  record  that  Mrs.  H.,  the  Brentry 
carrier  discovered  by  them,  developed  a  febrile  attack  on  21st  May, 
1908,  which  lasted  about  three  weeks.  No  gall-stones  were  found 
in  the  faeces,  and  there  were  no  clinical  signs  of  biliary  obstruction. 
It  seems  doubtful  whether  this  illness  was  a  genuine  autu-infection 
(enteritis  or  cholecystitis).  The  agglutinins  remained  stationary 
and  typhoid  bacilli  could  not  be  isolated  from  the  blood. 

Mayer  (1910),  in  the  course  of  his  typhoid  investigations  in  the 
Bavarian  Pfalz,  gives  a  series  of  such  cases  which  are  of  con- 
siderable interest,  inasmuch  as  the  carriers  aflfected  ^vere  generally 
intermittent  carriers.  After  the  primary  attack  of  typhoid  fever 
the  bacilli  could  be  demonstrated  only  at  intervals  in  the  fa?ces. 
With  the  onset  of  the  relapse  the  excretion  of  typhoid  bacilli 
became  again  a  prominent  feature.  There  was  evidence  too,  that 
the  Widal  reaction,  which  may  have  been  negative  after  the  primary 
attack  (though  the  person  was  still  excreting  the  bacilli  inter- 
mittently), became  positive  during  the  relapse  to  disappear  again 
after  recovery.  In  Niven's  case,  referred  to  in  Chapter  III.,  there 
had  hcen  a  similar  variation  in  the  Widal  reaction  ;  but  there  was 
little  or  no  increase  in  the  agglutinating  power  of  the  serum,  either 
during  or  after  the  above-mentioned  illness  of  Mrs.  H.  the  Brentry 
carrier. 

An  interesting  case  of  acute  abdominal  infection  in  a  typhoid 
carrier  has  recently  been  reported  by  Gardner  (1910).  The  patient 
(male,  aged  56  years)  had  an  attack  of  typhoid  fever  in  1906, 
when  he  was  in  bed  for  10  weeks.  In  1900  he  had  suffered  from 
peripheral  neuritis  which  was  attributed  to  the  presence  of  arsenic 
or  lead  in  the  beer  "of  which  he  drank  a  goocl  deal  at  that  time." 
The  illness  reported  by  Dr.  Gardner  commenced  on  26th  January, 
1910,  with  pain  in  the  abdomen  and  nausea,  and  lasted  about  a  fort- 
night, the  symptoms  throughout  being  those  of  an  acute  cholecystitis. 
There  w^as  only  very  slight  icterus,  but  the  fa3ces  after  a  calomel 
purge  were  "  semi-solid  homogeneous  slaty-grey  and  very  offensive.'' 
No  bacteriological  examination  of  the  stools  was  made  until  the 
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occurrence  of  two  cases  of  typhoid  fever  in  the  patient's  household 
shortly  after  his  recovery,  suggested  the  possibility  that  this  man 
might  be  a  typhoid  carrier.  This  proved  to  be  the  case.  His 
serum  gave  a  positive  Widal  reaction,  and  his  faeces  were  examined 
by  me  on  4th  April,  1910  with  positive  results. 

Further  examinations  : — 21st  April,  1910,  positive.  7th  May, 
1910,  negative.  19th  May,  1910,  negative.  The  urine  was  always 
negative. 

Alention  must  also  be  made  of  the  possibility  of  infection  of  the 
foetus  in  pregnant  carriers  either  as  the  result  of  a  blood  invasion 
by  the  bacillus  consequent  on  the  disturbances  during  pregnancy 
and  child-bed,  or  more  probably  in  consequence  of  an  actual  chole- 
cystitis during  child-bed,  as  in  a  case  reported  by  Mayer  (1910), 
where  the  child  was  born  with  typhoid  fever.  In  a  later  chapter 
(Chapter  XII.)  I  shall  refer  to  the  successful  isolation  of  the 
typhoid  bacillus  from  the  blood  of  the  umbilical  cord,  at  the  con- 
finement of  a  carrier  who  has  been  under  bacteriological  observation 
for  a  considerable  time.  The  child,  so  far  as  I  am  aware,  was  quite 
healthy  at  birth. 


CHAPTER  IX. 


Treatment  of  Typhoid-Cakriers. 

Intestinal  Cases, 

Forster  (1908)  has  stated  that  if  we  can  cure  carriers  we  can  get 
rid  of  typhoid  fever,  and,  indeed,  it  may  be  that  only  time  and 
further  experience  are  necessary  to  establish  the  truth  of  this 
dictum.  Unfortunately,  it  must  be  admitted  that  hitherto,  no 
certain  method  has  been  devised  of  rendering  carriers  typhoid-free. 
That  cases  have  occurred  in  which  the  excretion  of  typhoid  bacilli 
has  ceased  spontaneously  is  undoubtedly  true,  the  cessation,  perhaps, 
coinciding  with  a  healing  of  the  gall-bladder  trouble.  It  has  even 
been  noticed,  as  in  a  case  reported  by  Forster  (1908),  that  the 
excretion  stopped  after  an  acute  attack  of  gall-stone  colic  which 
was  the  first  that  this  female  carrier  had  experienced.  We  cannot 
exercise  too  much  caution  in  accepting  these  spontaneous  cures,  as 
it  has  baen  repeatedly  demonstrated  that  an  intermittent  period 
may  extend  over  many  months,  and  further  it  must  be  remembered 
that  our  bacteriological  methods  are  not  yet  sufficiently  delicate  to 
detect  minimal  quantities  of  typhoid  bacilli  in  excreta.  As  an 
ilhistration  of  the  necessity  for  caution  in  interpreting  these  so- 
called  cures  in  temporary  carriers,  I  may  quote  a  personal  experi- 
ence. Mrs.  C.  had  enteric  fever  in  July-August,  1908,  and  her 
temperature  had  fallen  to  normal  on  the  24th  of  the  latter  month. 
Jn  late  convalescence  she  suffered  from  gall-stone  complaint.     On 
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30th  October,  her  fjcces  were  examined  and  found  to  contain 
typhoid  baeilli.  A  positive  result  was  also  obtained  on  8th 
December,  1908,  but  fuither  examinations  in  January,  March, 
April,  May,  July  and  August  of  1909,  were  negative  and  accord- 
ingly this  case  was  considered  to  have  belonged  to  the  category  of 
temporary  carriers.  In  January,  1910,  however,  another  examina- 
tion of  her  stools  revealed  enormous  numbers  of  typhoid  bacilli,  so 
that  the  woman  is  to  be  regarded  in  future  as  a  chronic  cari'ier  (.sec 
Table  at  close  of  Chapter  XII.). 

With  a  view  to  determining  whether  spontaneous  cures  occurred, 
Prigge  (1910)  made  monthly  examinations  in  the  course  of  the  last 
three  years  of  his  chronic  and  transitory  carriers,  with  the  result 
that  of  28  chronic  female  carriers  that  had  excreted  typlioid  bacilli 
over  a  year,  one  only  could  be  struck  off  the  list.  However,  in  a 
foot-note  to  his  paper  he  mentions  that  this  woman  was  again 
excreting  typhoid  bacilli  in  October,  1909,  after  three  years  inter- 
mittence. 

In  other  cases  he  noted  intermittent  periods  extending  from  one 
to  two-and-a-half  years. 

The  drug  treatment  of  intestinal  carriers  has  been  entirely 
ineffective  in  ridding  these  persons  of  their  typhoid  bacilli.  Salol, 
beta-naphthol,  calomel,  bile  and  its  salts,  turpentine  oil,  sodium 
bicarbonate  in  large  doses,  chloroform,  &c,,  have  been  employed 
with  no  effect  or  only  a  temporary  one  on  the  excretion  of  the 
bacilli.  Recently,  Hilgermann  (1909-6)  has  reported  what  he 
regards  as  a  conspicuous  success  in  at  least  one  chronic  carrier, 
after  prolonged  treatment  with  sodium  salicylate.  The  carrier 
was  a  female  lunatic  of  71  years.  During  the  period  from  30th 
September,  1905,  to  31st  October,  1907,  her  stools  had  been 
examined  19  times  (i,e.,  on  an  average  '73  times  a  month)  and  on 
18  of  these  occasions  they  had  been  positive.  Treatment  by  sodium 
salicylate  was  begun  on  11th  November,  1907.  From  this  date  to 
11th  December,  1907  she  received  3  grams  per  day  (or  45  grs.  in 
15  gr.  doses  t.d.s.). 

From  12th  December,  1907,  to  11th  February,  1908,  4  gms.perday. 
„      12th  February,  1908,  to  18th  March,  1908,      5  gms.       „ 
„      4th  November,  1908,  to  11th  November,  1908,  6  gms.       „ 
„      11th  November,  1 908,  to  20th  November,  1908,  5  gms.       „ 

The  result  was  that  during  the  period  16th  November,  1907,  to 
5th  May,  1908,  the  stools  were  positive  in  10  out  of  11  examina- 
tions (32  up  to  6th  July,  1909),  or  three  times  monthly,  were 
negative. 

'J'he  intermittence  is  certainly  a  striking  one,  but  without  more 
prolonged  observation  one  cannot  regard  this  case  as  cured.  Two 
other  female  carriers  received  similar  intensive  treatment  with 
sodium  salicylate  without  showing  any  marked  improvement.  It 
may  be  noted  that  5  gms.  per  day  (or  15  grs.  five  times  a  day)  were 
well  tolerated,  but  higher  doses  caused  general  disturbances. 

So  far  as  the  residts  of  drug  treatment  are  concerned  all  that 
one  can  conclude  at  present  is  that  internal  antiseptics  may,  if 
pushed  to  their  physiological  limits,  offer  some  slight  prospect  of 
success.      Our  knowledge  of  the  pathology   of   the   carrier   state 
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makes  it  difficult  to  conceive  that  any  treatment  other  than  ail 
intensive  one  should  exercise  the  slightest  effect  on  indolent 
tjphoidal  lesions  in  the  gall-bladder  and  bile  tracts. 

The  administration  of  milk  soured  with  lactic  acid  bacilli  has 
been  vaunted  by  some  observers  as  affording  an  apparently  per- 
manent cure.  Thus  Liefmann  (1909)  gave  Yoghurt  in  quantities 
of  one-third  to  two-thirds  litre  daily  to  two  female  asylum  carriers, 
and  observed  that  one  week  after  the  commencement  of  the 
treatment  the  stools  in  both  cases  were  negative.  After  seven 
weeks  the  stools  of  one  of  the  cases  were  again  positive,  but  later 
examinations  were  negative.  The  last  examination  (there  were 
only  eight  in  all  in  each  case)  was  made  at  the  end  of  the  eleventh 
week.  Evidence  derived  from  such  a  short  period  of  observation 
proves  nothing,  not  even  that  the  temporary  cessation  was  attribut- 
able to  the  treatment  employed. 

Three  asylum  carriers  (Thomson  and  Ledingham  (1910)),  who 
have  been  under  bacteriological  supervision  since  the  latter  part  of 
1907,  received  sour  milk  (half-a-pint  three  times  a  day)  daily  during 
the  period  February-December,  1909,  without  any  appreciable 
effect  on  the  excretion  of  typhoid  bacilli  in  the  fjeces  during  the 
administration  of  the  milk. 

Captain  Fawcus,  of  the  Army  Medical  Department  (1909-1910), 
has  recently  reported  fully  on  the  treatment  of  army  carriers  by 
lactic  acid  bacilli.  Two  carriers  received  a  course  of  Bulgarian 
bacilli  grown  in  diluted  malt  extract,  commencing  with  a  dose  of 
25  cub.  cent,  of  the  culture.  No  improvement  whatever  took  place 
in  one  case  except  a  temporary  diminution  in  the  numbers  of  bacilli 
excreted,  after  administration  of  the  doses.  The  second  case, 
however,  reacted  more  favourably  to  the  treatment.  The  course 
was  commenced  on  8th  March  with  a  dose  of  25  c.c,  and  was 
continued  till  28th  May  when  250  c.c.  were  being  given  daily.  On 
29th  April  the  fasces  were  apparently  typhoid-free,  and  from  that 
date  they  remained  so.  The  man  was  discharged  to  duty  on 
23rd  July  having  been  free  from  typhoid  bacilli  for  three  months. 
Further  data  with  regard  to  this  case  will  be  awaited  with 
interest. 

At  Netley,  Major  Cummins  (1910)  had  no  success  with  this 
method  of  treating  intestinal  carriers. 

I  now  come  to  consider  those  attempts  which  have  been  made  to 
abolish  the  carrier-state  by  surgical  interference  with  the  gall- 
bladder. ^  Naturally  when  the  view  was  put  forward  that  the  gall- 
bladder is  the  main  seat  of  vegetation  of  the  typhoid  bacillus  in 
intestinal  carriers,  operative  interference  directed  towards  improve- 
ment of  the  gall-bladder  condition,  suggested  itself  as  a  possible 
remedy  for  the  carrier-state.  The  findings  at  such  operations  and 
at  post-mortem  examinations,  which  in  some  instances  subsequently 
took  place,  are  of  nuich  interest.  I  therefore  propose  to  refer  in 
some  detail  to  all  those  cases  which  have  been  treated  surgically. 

Dehler  (1907)  operated  on  two  female  asylum  carriers  who  had 
given  rise  to  four  cases  of  typhoid  fever,  including  one  fatal  case. 

Case  I  (aged  46  years)  presented  no  history  of  having  passed 
through  an    attack    of   enteric   fever.     Her  fceces  were  regularly 
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examinwl  evory  tliree  weeks,  and,  in  37  out  of  the  39  examinations 
made,  typhoid  baeilli  wei'e  present.  Tljey  were  not  found  in  the 
urine  or  blood.  Her  blood  serum  gave  an  agglutination  rcaetlcjn  of 
1  in  50,  and  often  1  in  100.  There  were  no  symptoms  ))ointing  to 
gall-bladder  trouble. 

On  August  20th,  1906,  an  oj)eration  was  performed.  Tlie  gall- 
bladder was  released  from  surrounding  adhesions  and  opened.  Two 
cherry- sized  stones  were  removed,  one  of  whicdi  had  dilated  the 
cystic  duct.  Typhoid  bacilli  were  present  in  the  bile  but  not  in  tlie 
stones.  Drainage  was  then  carried  out  through  a  tube  l(!d  into  the 
dilated  cystic  duct.  The  bile  regularly  contained  typhoid  bacilli  up  to 
the  21st  day.  It  then  remained  negative  until  llth  October,  1906, 
when  it  was  again  positive.  After  the  cystic  duct  could  no  longer 
be  opened  owning  to  cicatrical  formation  in  the  depth,  the  secretion 
from  the  fistula  ceased  to  contain  B.  typhosus.  The  fistula 
cicatrised  completely  about  the  middle  of  December. 

Three  days  before  the  operation,  typhoid  bacilli  were  found  in 
the  fajces.  Subsequent  to  the  operation  26  samples  of  ftcces  were 
examined  in  the  period,  24th  August-17tli  October,  and  50  samples 
between  17th  October  and  19th  February,  1907,  and  all  were 
negative.  The  urine  remained  typhoid  free,  and  the  agglutinins 
also  remained  at  the  same  titre  as  before  the  operation.  Deliler 
noted  that  so  long  as  the  bile  flowed  freely  and  speedily  Erom  the 
fistula,  the  B.  typhosus  was  scarce  and  was  indeed  for  four  weeks 
not  demonstrable  in  the  bile,  but  that,  as  the  fistula  narrowed  and 
the  bile  flowed  more  slowly,  the  typhoid  bacilli  got  time  to  propa- 
gate in  the  bile  and  were  therefore  very  numerous. 

Later  still,  as  the  fistula  closed  and  the  gall-bladder  cicatrised,  the 
bacilli  disappeared  as  there  was  no  further  opportunity  of  vegetating 
in  stagnant  bile.  The  fact  that  the  faeces  remained  negative  suggested 
that  any  bacilli  carried  down  directly  from  the  bile  paths  into  the 
intestine  were  overgrown  by  other  bacteria.  Also  it  was  considered 
not  improbable  that  the  discharge  of  the  bacilli  from  individual 
portions  of  the  liver  and  their  bile  tracts  would  gradually  cease 
completely.  To  hasten  this  action,  cholagogues,  such  as  calomel, 
&c.,  were  given  for  two  months. 

In  a  later  communication  (22nd  October,  1907)  Dehler  (1907) 
notes  with  reference  to  the  above  case,  that  on  tliree  occasions  out 
of  176,  typhoid  bacilli  were  got  in  small  numbers  in  the  fajces,  but 
believed  that  these  few  positive  results  might  be  explained  by 
accidental  mixing  up  of  samples  from  other  carriers.  Up  to 
February,  1907  the  agglutination  titre  remained  at  1  in  100,  in 
March  and  April  it  fell  to  1  in  50,  and  during  May,  dune,  and  July 
it  was  quite  negative.  The  patient  remained  in  excellent  health 
and  the  symptoms  of  intestinal  catarrh,  from  which  she  had 
previously  suffered,  disappeared. 

Case  2  (aged  45  years)  had  no  record  of  typhoid  fever,  though 
she  had  an  illness  19  years  previously  which  might  possibly  have 
been  an  anomalous  attack  of  this  disease.  In  July,  1904,  her  serum 
had  given  a  positive  Widal  reactiion,  but  it  was  not  till  3rd  efanuary, 
1905,  that  typhoid  bacilli  were  demonstrated  in  her  faeces.     During 

1905,  nine  samples  of  ficces  out  of   16  were   positive,  and  during 

1906,  five    out  of    10.     The   urine   was   always   negative.     From 


»Tanuary  to  9tli  April,  1907,  16  samples  were  positive  out  of  20, 
and  two  urine  samples  were  positive  out  of  14.  No  gall-bladder 
symptoms  were  present  during  the  last  three  years.  Internal 
remedies  had  been  tried  with  no  result.  On  10th  April,  1907,  the 
gall-bladder  was  opened  and  found  to  contain  several  small  stones 
which  were  sterile.  The  bile  was  clear  and  contained  numerous 
Bac.  coli  and  moderately  numerous  typhoid  bacilli.  Drainage  was 
carried  out  as  in  the  last  case. 

The  bile  that  drained  away  during  the  first  few  days  after 
operation  contained  typhoid  bacilli,  and  these  disappeared  as  the 
bile  flow  diminished.  After  the  9th  day  from  the  date  of  the 
operation  they  were  found  only  on  two  occasions  in  the  faeces,  viz., 
25th  May  and  3rd  July,  1907  (out  of  30  samples).  Of  these  30 
samples  of  faeces,  28  were  negative  ;  the  blood  and  urine  remained 
always  negative.  The  agglutination  titre  on  31st  July,  1907,  was 
positive  in  1  in  100,  but  on  16th  August,  1907,  a  negative  reaction 
was  obtained. 

In  the  foregoing  instances  the  surgical  interference  was  confined 
to  drainage  of  the  gall-bladder  ;  in  those  that  follow  removal  of  the 
gall-bladder  was  resorted  to. 

Grimme  (1908)  reported  that  he  had  had  the  operation  of  chole- 
cystectomy performed  in  a  female  asylum  carrier  in  a  Gottingen 
asylum.  She  had  never  shown  symptoms  pointing  to  implication  of 
the  gall-bladder. 

At  the  operation  (performed  by  Braun)  numerous  small  stones  of 
the  size  of  peas  (30-40)  were  found  in  the  gall-bladder.  No 
inflammatory  changes  were  present,  but  the  bile  and  also  the 
interior  of  the  stones  contained  typhoid  bacilli.  The  gall-bladder 
wall  did  not  contain  them.  Fifteen  days  after  operation  the  B. 
typhosus  was  found  in  the  faeces,  but  not  at  a  later  period.  The 
period  of  observation,  however,  was  only  55  days,  as  the  patient 
had  to  be  discharged  from  the  asylum. 

Loele  (1909)  reports  the  next  case,  also  a  female  lunatic,  aged 
51  years.  This  woman  had  typhoid  fever  during  October  and 
November,  1908,  but  during  convalescence  no  typhoid  bacilli  were 
demonstrated  in  the  faeces. 

At  Christmas,  1908,  she  had  an  attack  of  gallstone  colic  with 
jaundice,  and  the  faeces  were  now  positive.  There  was  a  palpable 
tumour  in  the  gall-bladder  region.  Her  serum  gave  a  reaction  of 
1  to  2,000,  but  the  blood  and  urine  were  sterile.  An  operation  was 
carried  out  on  16th  February,  1909.  The  gall-bladder  was  very 
adherent  and  difficult  to  remove.  Between  it  and  the  stomach  was 
an  abscess  containing  a  stone.  During  the  operation  the  duodenum 
was  perforated.  The  cystic  duct  was  quite  stenosed.  The  hepatic 
duct  was  drained  and  the  laparotomy  wound  closed  except  for  the 
drainage  tube  and  plug. 

On  17th  February  a  large  flow  of  bile  occurred,  and  on  following 
days  the  contents  of  stomach  and  duodenum  appeared  with  the  bile. 
Death  took  place  on  20th  February.  The  gall-bladder  contained 
pus  and  21  stones  of  the  size  of  hazel-nuts.  The  bacteriological 
results  in  this  case  are  of  great  interest. 

The  gall-bladder  pus  contained  typhoid  bacilli,  as  also  did  the 
gall-blaelder  wall.     On  the  first  day  after  operation  the  bile  contained 
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numerous  typhoid  l)a(*illl.  On  the  third  dny  the  fj^ceH  also 
contained  a  few  typhoid  bacilli.  The  gall-stones  were  found  to  })e 
sterile  internally. 

At  the  autopsy  cicatrices  of  typhoid  ulcers  were  found  in  th(! 
small  and  large  intestine  and  bacteriological  examination  r(;v(;aled 
typhoid  bacilli  in  the  following  situations  :  small  intestine  (upjKjr, 
middle  and  lower  portions),  transverse  colon,  liver,  spleen,  and  heart 
blood.     The  urine  was  negative. 

Loele  concludes  that  the  typhoid  bacilli  in  the  faeces  did  not 
come  from  the  gall-bladder  for  the  following  reasons.  The  gall- 
bladder was  quite  closed  TofF  by  stenosis  of  the  cystic  duct^  and 
contained  pus  but  no  bile.  The  bacilli  may  have  grow^n  in  the 
dilated  choledochus  or  in  the  intestine  itself,  either  after  wandering 
in  from  the  bile  tracts  or  after  getting  accustomed  to  the  small 
intestine.     The  smallest  bile  tracts  in  the  liver  were  negative. 

He  does  not  think  that  removal  of  the  gall-bladder  in  this  case 
would  have  done  the  slightest  good. 

It  is  interesting  to  note  that  he  found  no  typhoid  nests  micro- 
scopically in  the  bladder  wall.  He  thinks  the  stones  were  certainly 
present  before  the  typhoid  attack,  though  they  gave  rise  to  no 
symptoms.  The  fresh  attack  had  caused  new  inflammatory  changes 
and  empyema.  His  conclusion,  therefore,  was  that  cholecystectomy 
can  be  of  no  use  if  the  seat  of  vegetation  is  in  the  bile  tracts  or  in 
diverticula  of  the  upper  intestine,  and  that  in  no  circumstances  is 
the  operation  justifiable  in  carriers  without  positive  palpatory 
evidence  before  operation. 

We  have  seen  that  in  all  the  carrier  cases  mentioned  above,  w^hich 
have  been  operated  upon  or  have  come  to  autopsy,  cholelithiasis  has 
been  invariably  present.  The  following  case,  reported  by  Kamm 
(1909),  which  succumbed  to  pneumonia  before  the  contemplated 
operative  procedures  could  be  undertaken,  is  of  interest  as  showing 
that  gall-stone  formation  may  be  absent  in  chronic  carriers.  The 
patient  was  a  female  lunatic  (61  years  old)  who  passed  through  an 
attack  of  enteric  fever  in  March,  1906.  Typhoid  bacilli  were 
present  in  her  stools  during  the  attack  and  were  also  demonstrated 
on  the  following  dates  :  9th  April,  7th  May,  28th  May,  2nd  June, 
11th  June,  28th  July,  11th  September,  and  7th  November,  1906. 
Isolation  had  an  unfavourable  effect  on  this  woman,  who  suffered 
from  chronic  mania.  In  1907  typhoid  bacilli  were  found  in  the 
faeces  (but  not  in  the  urine)  on  the  following  occasions,  viz.,  18th 
January,  15th  March,  10th  June  and  26th  July.  The  female 
warder  wdio  attended  to  this  patient  contracted  enteric  fever  on 
18th  October,  1907.  The  operation  for  removal  of  the  gall-bladder 
w^as  arranged  for  30th  October,  but  had  to  be  deferred  owing  to  the 
onset  of  croupous  pneumonia.  Death  took  place  on  20th  November, 
1907.  At  the  autopsy,  in  addition  to  the  pulmonary  lesion  (croupous 
pneumonia  of  right  lower  lobe)  there  was  marked  interacinar  cirrhosis 
of  the  liver,  but  the  gall-bladder  showed  no  inflammatory  changes 
and  contained  no  stones. 

Typhoid  bacilli  were  recovered  from  various  parts  of  the  liver, 
the  gall-bladder,  and  the  duodenum,  but  not  from  any  other  organ. 
The  gall-bladder  on  microscopic  examination  showed  complete  loss  of 
surface    epithelium,    and    in    the    innermost   layers   of   the    mucosa 
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numerous  large  masses  of  micro-organisms  were  found,  some  of 
which  resembled  the  typhoid  bacillus  morphologically  and  did  not 
retain  Gram's  stain.  It  should  be  mentioned  that  the  post-mortem 
examination  was  carried  out  28  hours  after  death,  and  that 
organisms  of  the  B.  coli  type  were  invariably  associated  with 
the  B.  typhosus.  There  was  no  evidence  whatever  that  the  typhoid 
carrier  state  had  contributed  to  the  fatal  issue  of  the  croupous 
pneumonia. 

It  is  unfortunate  that  Kamm  does  not  mention  specifically  whether 
the  pneumonic  areas  in  the  lung  were  bacteriologically  examined. 

The  last  case  to  which  I  shall  refer  is  that  of  Miss  S.,  one  of  the 
female  carriers  reported  by  Watt  {vide  page  48).  Operation  was 
indicated  in  this  case  largely  because  of  the  depressed  mental 
attitude  of  the  patient,  resulting  from  a  knowledge  of  the  numerous 
infections  she  had  given  rise  to  in  others,  and  also  because  of  the 
fact  that  for  many  years  she  had  suffered  from  attacks  of  indigestion 
and  biliousness.  I  am  indebted  to  Mr.  H.  M.  W.  Gray,  ISurgeon, 
Koyal  Infirmary,  Aberdeen,  for  kindly  providing  me  with  notes  of 
the  operation,  which  took  place  on  November  12th,  1908. 

The  gall-bladder  was  only  with  great  difficulty  exposed  owing  to 
dense  peritoneal  adhesions  in  its  neighbourhood  (tuberculous  perito- 
nitis). It  was  of  large  size,  and  presented  a  diverticulum  which 
occupied  a  recess  in  the  liver.  Two  large  gall-stones  were  found, 
from  which  the  B.  typhosus  was  recovered.  Unfortunately  the 
patient  took  the  anesthetic  badly,  and  the  contemplated  removal  of 
the  gall-bladder  and  its  diverticulum  had  to  be  given  up. 

Drainage  was  therefore  resorted  to  as  quickly  as  possible.  Six 
weeks  later  the  patient  died  from  an  aggravation  of  her  lung  trouble 
(phthisis  pulmonum).  Bacteriological  examination  of  the  bile  in- 
variably revealed  typhoid  bacilli.  Unfortunately  no  examination  of 
the  faices  was  made  after  the  operation,  so  that  it  is  impossible  to 
say  what  effect  drainage  of  the  gall-bladder  had  on  the  excretion  of 
typhoid  bacilli.     An  autopsy  could  not  be  obtained. 

I  conclude  this  review  of  the  operative  treatment  of  carriers  with 
the  reflexion  that  no  trustworthy  evidence  of  permanent  cure  has  so 
far  been  forthcoming.  As  I  have  indicated  in  a  previous  chapter,  it 
may  well  happen  that  in  cases  of  cholecystitis  occurring  at  an  early 
period  in  typhoid  convalescence,  surgical  interference  may  be  followed 
by  a  complete  disappearance  of  typhoid  bacilli  from  the  fajces,  but 
in  long-established  cases  where  the  infective  germs  have  acquired  a 
permanent  footing  not  only  in  the  gall-bladder  but  also  in  the  biliary 
tracts  and  duodenal  recesses,  the  prospects  of  success  by  operation 
directed  solely  to  the  gall-bladder  are  extremely  small.  No  definite 
verdict,  however,  on  the  efficiency  or  otherwise  of  this  method  can 
})e  ])ronounced  until  the  cases  so  treated  have  been  imder  bacterio- 
logical supervision  for  at  least  one  or  two  years  thereafter. 

The  treatment  of  intestinal  carriers  by  typhoid  vaccines  has,  it 
must  be  confessed,  been  unsuccessful  or  indecisive,  though  much  was 
hoped  from  this  method.  As  long  ago  as  1902  Koch  suggested  the 
employment  of  typhoid  vaccines  as  a  remedy  for  the  carrier  state. 
Thomson  and  Ledingham  (loc.  cit.)  have  treated  five  female  carriers 
in  this  way  with  entirely  negative  results  whether  stock  vaccines  or 
homologous  vaccines  were  emi)loyed.     In  most  of  the  cases  where 


serological  oxaniiiiations  have  been  made,  we  have  notcid  a  mark(;(] 
rise  in  the  af^ghitinins,  Init  in  a  reeeiit  (;ase  treatcul  .solely  with  the 
homoh)<>'ous  vaccine,  no  appre(;ial)le  alteration  took  })lace  in  th(; 
agglutination-titre.  In  a  recent  report  by  the  Director-Cieneral  of 
the  Army  Medical  Service  (1909)  an  account  is  given  of  the  vaccine 
treatment  of  an  intestinal  can-ier  Private  L.  both  with  stock  and 
homologous  vaccines,  and  a  temporary  cessation  in  the  excretion  of 
the  germs  in  the  stools  was  noted  during  the  course  lasting  from 
February-May,  1909.  Later,  this  case  received  X-ray  treatment  in 
the  region  of  the  gall-bladder.  The  carrier  presented  symptoms  of 
slight  cholecystitis,  and  this  form  of  treatment  might,  it  was  hoped, 
bring  about  an  increase  of  phagocytosis  in  the  walls  of  an  inflamed 
gall-bladder. 

On  6th  August,  1909,  the  treatment  was  begun,  the  gall-bladder 
region  being  exposed  for  three  minutes  to  a  3--ampcre  current  in  a 
tube  with  a  64-inch  spark-gap.  (Report  by  Cummins  1910.)  Ex- 
posures were  given  three  times  a  week  for  three  weeks,  and  during 
this  time  and  for  three  weeks  afterwards  the  stools  were  typhoid- 
free.  Positive  results  were,  however,  got  on  September  20th,  23rd, 
and  continuously  from  October  4th  to  October  21st.  Another  X-ray 
course  was  commenced  on  October  20th  and  ended  on  November 
15th.  On  November  1st  the  stools  were  positive,  but  examinations 
on  November  5th,  9th,  and  12th,  and  December  6th  were  negative. 

The  patient  left  hospital  on  November  16th.  The  outcome  of 
this  treatment,  as  perhaps  showing  some  inhibitory  action  on  the 
discharge  of  bacilli,  is  certainly  interesting  and  suggestive,  but  at 
present  it  would  be  premature  to  signalize  this  method  as  affording 
a  prospect  of  permanent  cure.  As  a  matter  of  fact  the  discharge  of 
bacilli  by  the  patient  had  been  intermittent  before  commencement 
of  the  treatment.  The  method,  however,  deserves  a  further  trial. 
The  faeces  and  urine  of  this  man,  who  is  now  a  civilian,  were 
examined  by  me  on  3rd  March,  1910,  with  negative  results,  but  on 
Jime  4th,  1910,  I.  isolated  the  B.  typhosus  from  his  faeces,  so  that 
he  cannot  be  considered  as  cured. 

In  another  army  carrier  the  method  was  tried  but  without  the 
slightest  effect  on  the  discharge  of  typhoid  bacilli. 

In  concluding  this  chapter  we  have  to  deplore  the  fact  that  so  far 
the  attempts  to  cure  intestinal  carriers  have  not  yielded  results 
affording  convincing  evidence  of  their  success.  It  nuist  indeed  be 
admitted,  on  consideration  of  all  the  evidence  adduced  by  the  surgeon 
and  the  pathologist  as  to  the  nature  of  the  lesions  met  with  in 
carriers,  that  the  problem  of  effecting  a  cure  in  these  carriers  is  an 
extremely  difficult  one.  In  the  case  of  carriers  who  are  in  an  early 
stage  of  this  condition,  there  may  be  some  hope  of  effecting  a 
permanent  cure  by  one  or  other  of  the  methods  already  tried  and 
quoted  above,  but  in  long  standing  chronic  cases  the  prospect  of 
success  of  this  kind  would  seem  to  be  extremely  remote. 

It  may  be  possible  to  diminish  the  number  of  carriers  by  sonie 
modification  of  the  regime  employed  in  the  treatment  of  enteric 
cases.  This  is  a  question,  however,  on  which  I  do  not  feel  qualified 
to  hazard  any  personal  opinion,  but  it  may  be  of  interest  to  note 
that  G.  Mayer's  (1910;  observations  led  him  to  believe  that  an 
exclusive   milk-diet  during  the  disease  and  an  abundance  of  milk 
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during  convalescence  were  most  favourable  in  diminishing  the  crop 
of  carriers.  With  a  mixed  diet  on  the  other  hand,  the  carrier-state 
was  more  likely  to  intervene.  The  data  on  which  he  founded  this 
opinion  (which  is  supported  by  Drigalski)  were  not,  however, 
sufficiently  extensive  to  admit  of  reliable  conclusions  being  drawn. 

I  have  already  sufficiently  alluded  to  the  now  universally  recog- 
nised conception  of  enteric  fever  as  essentially  a  septicaemic  infection 
and  to  the  animal  experiments  which  show  that  the  gall-bladder 
invasion  occurs  at  an  early  stage  through  the  medium  of  the  blood 
and  not  by  a  later  inroad  from  the  intestine.  Can  we  diminish  or 
influence  in  any  way  the  degree  of  this  initial  septicaemia  ?  In  the 
absence  of  an  efficient  antityphoid  serum  which  would  probably  have 
this  desired  end,  one  can  at  present,  in  the  light  of  certain  experi- 
mental results  obtained  by  Hilgermann  (1909-^),  only  suggest  the 
use  of  salicylates  as  a  means  of  arresting  or  diminishing  the 
typhoidal  invasion  of  the  gall-bladder  and  bile  tracts. 

The  treatment  of  urinary  carriers  is  discussed  in  the  following 
chapter. 


CHAPTER  X. 


Urinary  Carriers. 

Pathogenesis  of  the  Condition  and   Treatment, 

In  the  course  of  investigations  on  the  carrier  problem,  urinary 
carriers  have  been  met  with  much  less  frequently  than  intestinal 
carriers.  The  great  majority  of  the  chronic  carriers  discovered  in 
connexion  with  endemic  typhoid  fever  have  been  passing  the  typhoid 
bacillus  in  the  faeces  only  and  not  in  the  urine.  Certainly  the 
typhoid  bacillus  is  occasionally  found  in  the  urine  of  chronic 
intestinal  carriers,  especially  of  the  female  sex,  but  in  these  cases 
their  presence  in  the  urine  is  almost  certainly  due  to  faecal  contami- 
nation of  the  urine.  When  catheter  specimens  have  been  taken  (in 
a  few  instances  recorded)  the  urine  has  been  invariably  free  from 
typhoid  bacilli.  I  may  here,  however,  give  the  data  regarding  the 
occurrence  of  B.  typhosus  in  the  urine  of  certain  chronic  intestinal 
carriers  who  have  been  examined  over  long  periods. 

1.  From  Jime,  1908,  to  July,  1909,  the  excreta  of  Mrs.  H.  {see 
Thomson  and  Ledingham  (1910))  were  periodically  examined.  The 
fasces  were  positive  on  29  out  of  34  occasions,  while  the  urine  was 
positive  on  8  out  of  26  occasions.  On  no  occasion  was  the  urine 
positive  while  the  stools  taken  at  the  same  time  were  negative. 
{See  also  Table  at  close  of  Chapter  XII.) 

2.  "  G."  Female  asylum  carrier.  Period  of  observation, 
September,  1907,  to  February,  1910.  Faeces  were  examined  on  41 
occasions  and  were  positive  on  26.  Urine  was  examined  on  33 
occasions    and    was    positive    on    4,    viz.,    24th    September,   1908, 
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6th  November,  5th  December  anil  11th  Deccmbci'.  On  one  ol 
these  four  occasions  thefa)ces  taken  at  the  same  time  were  norrative, 
the  exphination  probably  being  that  if  the  number  of  bacllli/lis- 
charged  is  small  and  the  urine  happens  to  get  contaminatcKl,  their 
demonstration  in  the  latter  is  much  less  difficult.  (See  also  Table 
at  close  of  Chapter  XII.) 

3.  "  McC."  Female  asylum  carrier.  Period  of  observation, 
November,  1907,  to  February,  1910.  Foeces  were  examined  on 
38  occasions  and  were  positive  on  31.  Urine  was  examined  on  29 
occasions  and  was  positive  on  4  successive  occasions,  viz.,  27th 
November,  5th  December,  11th  December,  1908,  and  23rd  January, 
1909.     (Sec  also  Table  at  close  of  Chapter  XII.) 

4.  "  C."  Female  asylum  carrier.  Period  of  observation, 
November,  1907,  to  February,  1910.  Faeces  were  examined  on 
38  occasions  and  were  positive  on  13.  (Intermittent  carrier.) 
Urine  was  examined  on  27  occasions  and  was  positive  on  1,  viz., 
5th  December,  1908.     (See  also  Table  at  close  of  Chapter  XII.) 

Carriers  2,  3  and  4  are  isolated  in  the  same  building,  and  the 
coincidence  of  the  dates  on  which  the  urines  were  positive  would 
seem  to  suggest  that  about  this  period  the  samples  of  urine 
forwarded  had  become  contaminated  by  faecal  material. 

In  chronic  intestinal  carriers  of  the  male  sex  I  have  never  found 
the  urine  positive. 

Though  in  chronic  intestinal  carriers  the  occurrence  of  typhoid 
bacilli  in  the  urine  is  rare,  it  is  not  so  uncommon  to  find  both  faeces 
and  urine  infective  in  the  acute  or  transitory  carriers  and  in  early 
convalescent  carriers.  In  this  connection  reference  may  be  made 
to  the  data  regarding  transitory  carriers  in  Scheller's  milk-spread 
epidemic.  Some  of  these  passed  typhoid  bacilli  in  the  faeces  only, 
some  in  the  urine  only,  and  some  in  both  faeces  and  urine.  In 
such  cases  one  may  suppose  that  there  is  a  transient  typhoidal 
septicaemia. 

The  true  urinary  carrier  passes  the  typhoid  bacillus  in  the  urine 
only,  and  it  is  fortunate  that  such  cases  are  so  infrequently  met 
with,  as  the  danger  of  spreading  infection  by  the  urine  is  much 
greater  than  in  the  case  of  intestinal  carriers. 

The  earliest  cases  of  this  condition  were  reported  about  the  same 
time  by  Eousing  (1898),  Houston  (1899),  and  Young  (1900).  It 
will  be  advisable  to  give  an  account  of  some  of  these  cases  in  detail 
as  they  tend  to  throw  some  light  on  the  pathogenesis  of  the 
condition. 

Rousing's  case  was  a  male  of  53  years  who  had  had  enteric  fever 
18  months  previously.  During  the  primary  attack  there  had  been 
no  retention  of  urine  and  no  necessity  for  catheterization.  In 
convalescence  the  urine  was  milky  and  on  standing,  a  heavy  deposit 
formed.  Several  months  later  he  began  to  have  vesical  pain  and 
frequency  of  micturition  especially  at  night.  The  urine  was  acid 
and  contained  pus  but  no  blood. 

The  typhoid  bacillus  was  present  in  large  numbers  in  the  urine. 
A  suprapubic  cystotomy  was  performed  and  the  mucosa  was  found 
to  have  a  dark  red  colour  with  numerous  ulcerations  separated 
by  swollen  rugae.  Cloudy  urine  came  from  both  ureters.  The 
patient   died   one   month   after   operation.       At   the   autopsy   the 
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right  kidney  was  enlarged  and  small  abscesses  were  scattered  about 
the  kidney  substance.  The  pelvis  contained  a  stone  of  the  size  of  a 
walnut  and  the  pelvic  mucosa  was  also  swollen  and  ulcerated.  The 
left  kidney  was  in  a  similar  but  less  marked  condition,  with  millet 
seed  abscesses  in  the  cortex  but  no  stone.  There  was  no  evidence 
of  tubercle.  Eousing  believed  that  the  calculus  had  been  present 
for  some  time  before  the  attack  of  typhoid  fever,  and  that  the 
trauma  caused  by  it  determined  the  localisation  of  the  B.  typhosus 
in  the  kidney. 

It  is  known  that  some  cases  of  nephrotyphoid  may  be  associated 
with  focal  abscesses  in  the  kidneys,  but  they  are  rare.  ( Vide 
Flexner  (1896).) 

Houston's  case  was  a  female  of  35  years  who  presented  no  definite 
evidence  of  a  primary  typhoid  infection.  Three  years  before 
coming  under  observation  she  had  been  living  in  a  house  where  two 
children  died,  one  of  bronchitis  and  the  other  of  diarrhcea  (patient's 
diagnosis).  She  had  helped  to  nurse  these  children.  Shortly  after- 
wards she  suffered  from  frequent  micturition  which,  latterly,  was 
accompanied  by  pain. 

In  1895  (December)  she  had  gone  to  hospital  where  she  was 
treated  for  three  months  for  painful  and  frequent  micturition  and 
occasional  passage  of  blood.  She  returned  to  work,  but  in  May, 
1898,  she  again  consulted  a  doctor  who,  after  treating  her  for 
cystitis,  sent  her  to  hospital  where  her  condition  was  thoroughly 
investigated.  Her  urine  was  turbid  and  opalescent,  strongly  acid 
and  contained  a  small  amount  of  albumen.  The  sediment  contained 
numerous  squamous  cells  with  pus  cells  and  bacteria.  The  typhoid 
bacillus  was  repeatedly  recovered  from  the  urine. 

Her  serum  also  agglutinated  a  known  strain  of  the  typhoid 
bacillus  in  a  dilution  of  1  in  100.  She  remained  in  hospital  for  six 
weeks  without  showing  any  abnormal  temperature  or  other  symptoms 
pointing  to  typhoid  fever. 

It  was  from  this  case  that  Houston  drew  the  important  con- 
clusion that  typhoid  fever  is  a  true  general  infection  and  not 
merely  of  local  origin  in  the  Peyer's  patches  of  the  intestines. 
This  vie.w  was  elaborated  more  fully  by  Horton-Smith  (1900) 
in  his  Goulstonian  lectures  of  the  following  year.  This  author 
held  that  the  mesenteric  glands  are  the  primary  seat  of  the 
typhoid  infection,  a  view  which  by  several  years  anticipated 
that  of  Forster.  (See  also  Levy  and  Gaehtgens  (1908).)  With 
regard  to  the  presence  of  the  typhoid  bacillus  in  the  urine  of 
typhoid  patients  Horton-Smith  found  positive  results  in  25  per 
cent,  of  cases  examined.  This  is  the  percentage  found  in  most 
recent  work  on  the  subject  of  typhoid  bacilluria.  Of  289  post- 
mortems in  St.  Bartholomew's  Hospital  on  typhoid  patients  (during 
30  years)  Horton-Smith  notes  that  abscesses  of  the  kidney  occurred 
only  once.  He  believed  that  the  typhoid  bacillus  grew  in  the 
bladder,  the  walls  of  which  were  chronically  inflamed. 

Young's  case  (also  reported  by  Gwyn  (1899))  was  a  male  of 
39  years  who  had  had  typhoid  fever  in  1893.  On  admission  to 
hos})ital  at  that  time  he  had  shown  pyuria,  and  one  of  his  com- 
plaints was  pain  during  mic^turition.  Ten  days  after  defervescence 
a  relapse  occurred  but  the  pyuria  continued.     In   1897  the  urine 
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1898.     His  serum  gave  a  positive  Widal  reaction. 

In  Januai'y,  1900,  he  returned  to  hospital  when  the  urine  was 
again  positive.  By  cystoscopic  examination  a  ehronie  ulcerative 
cystitis  was  found.  There  was  also  a  secondary  infection  with  the 
gonococcus,  both  gonocoeei  and  typhoid  bacilli  being  isolated  from 
the  bladder.  The  fact  that  this  patient  also  had  syphilis  in  1889 
may  have  had  some  influence  in  predisposing  the  genito-urinaiy 
tract  to  particular  and  prolonged  infection  by  the  ty{)hoi(l 
bacillus. 

1  have  already  referred  to  the  cases  of  Irwin  and  Houston  and 
Niepratschk,  both  of  which  were  responsible  for  fresh  erases  of 
typhoid  in  their  vicinity  (Chapters  III.  and  VI.). 

Greaves  (1907)  reported  the  occurrence  of  a  typhoidal  pyone- 
phrosis in  a  patient  of  36  years  who  had  had  his  primary  attack  of 
enteric  six  years  previously.  From  the  pain  during  micturition 
and  the  swelling  in  the  left  renal  region  a  diagnosis  of  renal  trou])le 
was  made  and  cystoscopic  examination  revealed  that  the  left  kidney 
was  not  functionating.  At  operation,  a  pyonephrosis  was  found 
with  a  phosphatic  calculus  in  the  left  ureter.  From  the  pus  the 
typhoid  bacillus  was  recovered  in  ])ure  culture.  Fourteen  days  after 
the  operation  the  patient's  blood  serum  agglutinated  the  typhoid 
bacillus  in  a  dilution  of  1  in  200. 

Another  important  urinary  case  also  associated  with  pyone- 
phrosis and  treated  surgically  with  success  was  reported  l)y  Adrian 
(1908),  and  also  more  fully  by  Meyer  and  Ahreiner  0909).  The 
patient  was  a  girl  who  in  1897  (when  six  years  of  age)  suffered 
from  pyonephrosis.  While  under  treatment  in  hospital  for  this 
condition  she  contracted  typhoid  fever,  the  pyonephrosis  apparently 
antedating  the  typhoid  attack.  Shortly  after  her  discharge  home 
she  infected  a  brother  and  both  her  parents  with  typhoid  fevei'. 
For  10  years  the  girl  remained  perfectly  well.  Then  gradually  she 
began  to  suffer  from  acute  pains  in  the  left  kidney  region  Avith 
swelling  of  left  side  of  abdomen  and  thighs,  and  cloudy  urine.  A 
communication  had  evidently  been  established  between  the  sac  and 
the  bladder,  so  that  the  typhoid  bacilli  vegetating  in  the  sac  were 
continually  being  discharged  by  the  urine.  In  July,  1907, 
nephrectomy  was  performed.  Typhoid  bacilli  were  present  in  pure 
culture  in  the  purulent  contents  of  the  sac.  The  actual  seat  of 
vegetation  had  very  probably  been  an  ulcerated  area  which  was 
found  near  the  ureteral  orifice.  Eight  days  after  the  operation 
bacilli  were  found  in  the  urine,  but  afterwards  it  remained  quite 
free  of  typhoid  bacilli.  Before  operation  the  patient  had  given  a 
Widal  reaction  of  1  in  10,000,  but  after  operation  the  titre  fell  to 
1  in  150. 

These  urinary  cases  bear  a  strong  analogy  to  the  gall-bladder 
cases,  and  therefore  one  would  require  to  exercise  the  same  caution 
in  judging  of  the  effect  of  operation.  The  absence  of  typhoid 
bacilli  in  the  urine  in  the  above  case  after  operation  certainly 
suggests  that  there  were  no  secondary  depots  in  the  bladder  itself 
as  one  would  have  expected  in  such  a  chronic  condition. 

Sufficient  data  have  not  yet  accumulated  with  regard  to  the 
organic  lesions  associated  with  the  urinary  carrier-state  to  enable  us 
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to  formulate  lines  of  treatment  applicable  to  particular  cases.  It 
would  be  well,  however,  whenever  opportunity  offers,  to  examine 
these  cases  with  peculiar  care,  employing  the  modern  methods  of 
cystoscopy  and  ureteroscopy,  so  that  the  sum  total  of  definite 
knowledge  on  this  subject  may  be  increased. 

That  the  principal  depot  of  the  B.  typhosus  may  be  a  chronically 
inflamed  or  cystic  renal  pelvis  is  known,  and  this  may  or  may  not 
be  associated  with  secondary  depots  in  an  inflamed  bladder.  The 
latter  organ,  however,  is  most  probably  the  main  depot  in  most 
cases,  and  the  chronic  typhoid  bacilluria  may  be  regarded  as  being 
due  to  some  unwonted  vulnerability  of  the  bladder  mucosa.  The 
ordinary  bacilluria  occurring  during  the  fever,  may  not  be  associated 
with  any  cystitis,  but  should  retention  occur,  or  should  the  bladder 
mucosa  be  more  severely  damaged  than  usual  by  the  typhoid 
toxgBmia,  a  more  or  less  chronic  unhealthy  state  of  the  mucosa  is 
apt  to  be  set  up  which  may  permit  the  indefinitely  prolonged 
vegetation  of  the  typhoid  bacillus.  Antecedent  inflammatory  con- 
ditions in  the  urinary  tract  may  also,  doubtless,  predispose  to  the 
urinary  carrier  state. 

We  have  not  yet  sufficient  data  to  enable  us  to  correlate  the 
pathological  findings  met  with  in  urinary  carriers,  with  those  found 
either  in  the  so-called  nephro-typhoid  or  in  cases  of  acute  typhoidal 
cystitis  associated  with  definite  lesions  in  the  bladder.  On  this 
latter  subject  the  articles  by  Schuder  (1901)  and  Schaedel  (1906) 
may  be  consulted.  With  regard  to  the  kidney,  Cagnetto  and 
Zancan  (1907)  have  shown  that  in  most  cases  of  typhoid  fever, 
inflammatory  foci  (so-called  lymphomata)  with  focal  necroses  or 
even  minute  abscesses  are  to  be  found.  These,  like  the  analogous 
small  cell  infiltrates  described  in  the  liver  in  fatal  cases  of  typhoid 
fever,  may  also  act  as  vegetation-depots  of  the  typhoid  bacillus,  in 
the  urinary  carrier. 

Treatment  of  Urinary  Carriers, 

Urotropin  has  proved  so  valuable  in  the  bacillurias  occurring 
during  typhoid  fever  and  in  early  convalescence  from  that  disease, 
that  one  naturally  anticipated  a  similar  efficiency  in  urinary  carriers. 
Such  hopes  have  not  been  realised  so  far  as  the  recorded  reports 
show,  and,  perhaps,  the  reason  of  its  failure  is  to  be  sought  in  the 
chronically  infiamed  and  rugose  state  of  the  bladder,  which  may 
render  the  typhoid  bacillus  less  readily  accessible  to  its  influence. 
Urotropin  certainly  has  a  marked  temporary  effect  in  reducing  the 
number  of  bacilli  excreted,  but  the  latter  return  in  full  force  when 
the  administration  of  the  drug  is  suspended. 

The  treatment  adopted  by  Niepratschk  {vide  Chapter  VJ.)  in 
his  case,  is  so  instructive  that  I  give  it  in  detail. 

The  carrier  was  isolated  on  23rd  February,  1908,  and  treatment 
with  urotropin  was  at  once  begun. 

First  course  of  urotropin. 

23rd  February,  1908.     Received  1  gm. 

24th  February-8th  March.     Received  2  gm.  daily. 

Result : — Soon  after  the  commencement  of  the  treatment  the 
urine  became  clear  and  the  number  of  bacilli  decreased.  On  .26th 
February,  the  urine  contained  only  10,000  bacilli  per  cub.  cent.,  and 
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and  on  28th  Fc^hruary  none.  On  17tli  iMjiroli,  when  the  romody 
had  boon  stopped  for  s;eveii  days,  tlie  hncilli  were  ms  jiunifioiis  as 
ev(n-. 

Second  oourBo. 

17th   Mareh-24th   Mareli.      Rceoived  3  o^ms.  daily  (  =  24  nrms. 
in  all),  and  a  further  11  G^nis.  n])  to  Otii  April. 

Urotropin  was  then  laid  aside  and  hetrnlin — a  (;om])ound  eon- 
taining  56  per  cent,  urotropin  and  44  per  cent,  resorcin — was  trie* I. 

Hetralin  course. 

15th  April-1 8th  April 2  gms.  dnily. 

19th  April- 16 th  May      3  gms.      ,/ 

17th  May-24th  June       5  gms.      „ 

25th  June-2nd  July         ...  .,.  ...  6  gms.      „ 

3rd  July- 11th  July  ...  ...  ...  8  gms.      „ 

The  carrier's  health  was  not  affected  by  the  drug.  His  appetite 
remained  good.  A  reduction  in  the  number  of  bacilli  resulted,  but 
it  was  not  permanent. 

Borovertin,  a  compound  containing  urotropin  and  boric  acid 
(=  hexamethylen  tetramin  triborate)  was  finally  tried  with  ap- 
parent success. 

Borovertin  course. 

23rd  July-27th  August.  6  gms.  daily  (=1  gm.  six  times  a  day, 
and  later  1*5  gm.  four  times  a  day). 

This  drug  was  not  so  well  tolerated  as  the  others.  The  patient 
suffered  from  loss  of  appetite  and  weakness,  and  his  body-weight 
fell  from  81  kilo  to  70  kilo  during  the  short  period  from  1st  to 
29th  August.  The  drug  was  therefore  stopped  and  the  patient 
recovered  very  quickly.  The  disinfectant  action  on  the  urine  was, 
however,  remarkable.  Two  days  after  the  first  dose,  bacilli  were 
still  present  in  considerable  quantities,  but,  thereafter,  none  could 
be  demonstrated  by  repeated  examinations.  Examinations  on 
27th  July,  31st  July,  3rd  August,  and  many  following  days  were 
negative.  On  23rd  October  a  litre  of  the  urine  was  treated  by  the 
precipitation  method  employed  in  searching  for  B.  typhosus  in 
water,  but  the  result  was  negative.  As  large  a  quantity  as  two 
litres  was  also  examined  without  result. 

On  1st  November,  1908,  Sergeant  B.  was  considered  "cured" 
and  resumed  his  regimental  duties.  Weekly  or  bi-weekly  examina- 
tions of  his  urine  were  still  continued,  but  all  w^ere  negative,  and 
Niepratschk,  writing  in  December,  1909,  says  that  no  further  cases 
of  typhoid  fever  have  occurred  in  Sergeant  B.'s  regiment  although 
he  occupies  his  old  position  in  the  barracks. 

What  impresses  one  in  the  recital  of  this  case  is  rather  the 
systematic  and  persistent  method  which  was  adopted  than  the 
ultimate  result.  If  tins  case  may  be  chronicled  as  a  "cure,''  it  is  a 
remarkable  testimony  to  the  efficacy  of  the  drug  treatment  that  a 
carrier  of  such  long  standing,  presenting  in  all  likelihood  lesions  of 
a  chronic  character  in  his  urinary  tract,  should  be  so  completely 
restored  to  a  normal  condition.  Any  further  data  regarding  the 
after  history  of  Sergeant  B.  Avill  be  welcomed.  In  the  meantime  it 
may  be  said  that  borovertin  either  alone  or  perhaps,  preferably, 
after  a  preliminary  course  of  urotropin,  should  be  given  a  trial  in 
urinary  carriers, 
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Recently  another  cure  by  borovertin  has  been  reported  by  U  stvedt 
(1910),  but  I  have  been  unable  to  secure  f\ill  details  of  the  case. 
The  carrier  was  a  ship  steward,  who  continually  excreted  typhoid 
bacilli  in  his  urine.  After  a  six  weeks'  course  of  borovertin  (120  gms. 
altogether)  the  bacilli  disappeared. 

I  now  come  to  the  treatment  adopted  by  Irwin  and  Houston  (Ion 
cit.)  in  their  female  carrier  case  {vAde  p.  38). 

For  the  first  five  weeks  tonics  and  urinary  antiseptics  were  tried, 
l)iit  with  no  effect  on  the  bacilhu-ia.  Headaches  and  gastric  pain 
were  still  complained  of.  Vaccine  treatment  was  then  resorted  to, 
the  homologous  strain  being  employed  in  tlie  preparation  of  the 
vaccine- 
Course  of  Vaccine  treatment  : — ■ 

August  25th,  50  millions.     Urine  positive  on  September  1st. 
September  2nd,  100  millions.     Urine  positive  but  bacilli   less 

numerous  on  September  16th. 
September  20th,  200  millions.  Urine  positive  on  September  22nd. 
Bacilli  as  numerous  as  ever. 
The  patient  was  now  put  on  sodium  lactate   and  the  urine  made 
alkaline. 

Urine  negative  on  October  8th. 

October  9th,  300  millions.     Urine  negative  on  October  20th. 
October  23rd,  500  millions.     Urine  negative  on  October  24th. 
Clear    with    no    pus    and    no    albumen.       Urine    and    fit'ces 
negative  on  November  21st. 
November  21st,  1,000  millions.      Urine  negative  on   November 
23rd.     Fasces  negative. 
During  the  treatment,  the  headaches,  gastric  pain  and  feeling  of 
tiredness  disappeared,  and  the  patient  gained  markedly  in  weight. 
(The  last  examination  which  was  negative  was  made  on  April  24th, 
1909  (Houston  (1909)). 

The  authors  believed  that  by  rendering  the  urine  alkaline  the 
ty])hoid  bacilli  became  more  susceptible  to  the  action  of  the  innnune 
bodies  developed  in  the  serum  by  the  vaccinations. 

Houston  (1909)  has  treated  two  other  urinary  cases  with  typhoid 
\'ac(;ine,  but  a  definite  report  cannot  yet  be  given. 

Two  chronic  urinary  carriers  invalided  from  the  Indian  army 
have  been  treated  with  typhoid  vaccines  (Fawcus,  Kennedy  and 
Cummins  (1910))  in  this  country,  but  no  definite  improvement  in 
their  condition  was  realised.  These  cases  had  previously  been 
treated  with  urotropin  without  effect,  but  it  was  noted  that  when  a 
diuretic  ("sanmetto")  was  given  in  combination  with  the  urotropin, 
a  marked  fall  in  the  bacilluria  took  place  and  the  purulent  deposit 
became  almost  nil.  On  cessation  of  the  treatment,  however,  the 
bacilli  were  discharged  again  in  large  numbers.  Major  Cummins 
suggests  that  more  definite  results  might  be  attained  by  combining 
sanmetto  and  urotr()])in  with  vaccine  treatment ;  but  in  the  light  of 
Ni('])ratschk's  results  It  may  be  contended  that  it  is  the  persistent 
j)ushing  of  treatment  on  (u-  a  prolonged  ])eri()d  that  is  most  likely  to 
i)(!  of  value  in  the  end. 
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CHAPTER   XI. 


Diagnostic  Methods  J^mployed  in  the  Seaucif  for 

Carriers. 

Th(»  demonstration  of  the  typhoid  baeiUiis  eitlier  in  th(i  Ium^os  or 
in  the  nrine,  is  essential  before  a  person  can  definitely  be  certified 
to  be  a  carrier. 

In  dealing  with  large  institutions,  however,  where  enteric  fever 
has  been  endemic,  some  indication  may  be  got  of  the  presen(!e  of 
carriers  by  carrying  out  an  extensive  series  of  Widal  tests,  com- 
mencing with  those  subjects  who  are  ascertained  to  have  suffered 
from  typhoid  fever  in  previous  years  or  who  may  happen  to  present 
symptoms  of  gall  stone  trouble. 

It  is  stated  by  Kayser  (1909)  that  about  75  per  cent,  of  carriers 
give  a  well-marked  Widal  reaction,  but  I  am  inclined  to  think  that 
this  percentage  is  rather  high,  if  agghitination  at  1  in  100  be  taken 
as  the  criterion  of  a  positive  Widal  reaction.  Of  nine  chronic 
carriers  whom  I  have  personally  observed,  five  gave  a  definitely 
positive  reaction,  while  four  gave  an  incomplete  or  absolutely 
negative  reaction.  On  the  other  hand,  in  institutions,  a  positive 
reaction  is  occasionally  obtained  in  persons  whose  fi\ices,  though 
repeatedly  examined,  fail  to  show  the  presence  of  the  typhoid 
bacillus.  Certainly  in  such  cases,  we  have  to  reckon  with  intermit- 
tent periods,  imperfect  bacteriological  methods  and  possibly  other 
factors  not  yet  fully  understood.  Kamm  (1909)  had  an  experience 
of  the  Widal  test  which  was  unfortunate  and  perhaps  exceptional. 
He  commenced  the  search  for  carriers  in  an  asylum  by  the  examina- 
tion of  136  blood  samples.  Four  of  these  gave  a  reaction  of  1  in  50, 
one  gave  a  reaction  of  1  in  100,  and  three  gave  a  reaction  of 
1  in  200.  Of  these  eight  persons,  four  had  had  enteric  fever  about 
eight  or  twelve  years  previously,  while  in  the  other  four,  there  was 
no  record  of  typhoid.  Castor  oil  was  given  to  these  eight  persons, 
and  their  faeces  repeatedly  examined  thereafter,  but  in  none  of  them 
could  he  demonstrate  the  ty])hoid  bacillus.  It  would  be  interesting 
to  know  the  further  history  of  these  cases  and  whether  definite 
carriers  were  ultimately  discovered. 

Eccard  (1910)  in  the  course  of  his  examination  of  an  asylum 
{oide  Chapter  Y.)  commenced  by  performing  Widal  tests  in  all 
departments  of  the  building.  The  figures  obtained  he  does  not 
record,  but  he  was  able  to  classify  the  inmates  into  three  groups  : — 

1.  Those  who  gave  no  Widal  reaction. 

2.  Those  with  Widal  reaction  of  1  in  50. 

3.  A  small  number  who  almost  always  gave  a  reaction  in  1  in 

100.  The  stools  of  this  group  were  frequently  examined 
and  in  five  of  them  he  was  able  to  demonstrate  the  typhoid 
bacillus.  In  three  others  of  this  group  who  frequently 
gave  a  rea(^tion  in  1  in  100,  he  could  never  demonstrate 
typhoid  bacilli  in  the  fivces. 

J737G  G  L' 


100 

An  important  point  noted  by  him  in  the  course  of  this  investiga- 
tion was  that  in  a  large  number  of  those  who  were  Widal-free  or 
who  ooeagionally  gave  a  reaction  in  1  in  50,  the  titre  would  suddenly 
spring  to  1  in  100  with  symptoms  of  intestinal  disturbance,  vomiting 
and  diarrho?.a.     After  the  attack  the  titre  again  fell. 

Some  trouble  was  experienced  with  three  severe  tubercular  cases 
who  gave  positive  VVidal  reactions.  One  of  these  died  but  there 
were  no  signs  of  typhoid  fever.  (He  makes  no  mention  of  the  con- 
dition of  the  gall  bladder  )  This  question  of  positive  Widal  reaction 
in  cases  of  tubercle  is  discussed  in  Chapter  XII. 

Eccard,  however,  thinks  that,  at  least  as  a  preliminary  step,  the 
Widal  test  should  be  employed  in  large  institutions,  a  titre  of  1  in  50 
to  be  regarded  with  caution  and  one  of  1  in  lOi)  as  suspicious.  He 
does  not  appear  to  have  met  with  carriers  who  give  practically  no 
reaction  even  in  1  in  20. 

When  proper  bacteriological  conveniences  are  available,  the  best 
method  of  procedure  is  the  immediate  examination  of  the  excreta  of 
all  persons  concerned,  commencing  with  those  who  give  some  history 
of  having  passed  through  a  typhoid  attack  or  who  suffer  from  gall 
stones,  and  then  passing  on  to  the  others.  At  the  same  time  Widal 
tests  should  be  carried  out  and  repeated  bacteriological  examinations 
made  at  intervals,  in  those  cases  which  give  a  positive  Widal 
reaction. 

It  is  impossible  here  to  describe  in  detail  the  various  media 
employed  or  recommended  for  the  isolation  of  the  typhoid  bacillus 
from  the  excreta.  For  those  interested  in  this  subject  a  list  of  these 
media  will  be  found  at  the  end  of  this  chapter. 

Amidst  a  plethora  of  methods  and  modifications  of  methods,  all 
of  which  are  probably  excellent  in  the  hands  of  those  accustomed  to 
them,  it  seems  to  me  of  far  more  importance  to  obtain  a  thorough 
knowledge  of  the  potentialities  and  the  working  efficiency  of  one 
medumi,  than  to  be  continually  changing  from  one  medium  to 
another  without  a  clear  knowledge  of  the  advantages  to  be  derived 
by  the  change.  Many  of  the  newer  media  introduced  for  the  isola- 
tion of  the  typhoid  bacillus  have  been  recommended  strongly  on 
their  merits  as  inhibitors  of  the  B.  coli  group,  but  the  data  on  which 
such  judgments  are  based,  have  usually  been  obtained  by  practice 
with  artificial  mixtures  of  B.  typhosus  and  B.  coli,  to  which  the 
particular  meduim  or  inhibiting  agent  in  the  medium  is  added,  and 
not  with  the  actual  faeces  of  typhoid  patients  or  carriers.  The 
writer's  experience  has  been  confined  to  the  bile-salt-lactose-agar 
medium  of  MacConkey  (1901),  with  neutral  red  as  indicator.  This 
medium  has  been  in  constant  use  for  many  years  and  has  proved 
eminently  satisfactory.     The  actual  method  is  briefly  as  follows  : 

For  Fcpces. — About  two  to  three  large  loopfuls  of  the  fajces  are 
emulsified  in  broth  and  allowed  to  sediment  for  an  hour.  From  the 
upper  portion  of  the  fluid,  two  small  loopfuls  are  removed  and  spread 
l)y  means  of  a  bent  glass  rod  over  two  or  three  Petri  plates  con- 
taining the  solidified  medium,  which  should  be  quite  dry.  On  the 
following  day,  coloiu'less  colonies  suggesting  the  ty])hoid  bacillus  an^ 
])i('k(Ml  ()tFan([  incxnilatinl  into  mannite-pe})tone-water.  If  acud  only 
is  formed  in  any  tube  or  tubes  and  no  gas,  the  probability  is  strong 
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that  the  ()i'<>;inisni  is  the  typhoid  Ijjicilliis  (or  the  dy.sciitcry  biKMlhis — 
Flexner-type),  but  it  must  be  i'emenil)ere(l  thiit  the  ficees  contain  a 
small  group  of  oi\<>auisms  whose  (characters  in  some  particulars, 
j)resent  a  strono-  similarity  to  those  of  the  B.  typhosus  (Morf^an  Mud 
LedinoJiam  (1909)  ).  As  a  rule  these  ornanisms  o-ive  litth;  trouble 
and  can  be  readily  differentiated  by  the  application  oi  t'ermentation 
and  agglutination  tests. 

The  B.  typhosus  gives  an  acid  reaction  without  gas  formation  on 
glucose,  mannite  and  sorbite  ;  a  late  acid  reaction  on  dulcite 
(Penfold  (1910)  ),  (Grattan  (1910)  )  and  no  reaction  on  cane  sugar 
or  lactose.  Indol  is  tested  for  by  Ehrlich's  method  {cide  Marshall 
(1907)  )  after  four  days'  growth  on  broth,  and  finally  an  agglutina- 
tion test  is  made  with  a  potent  antityphoid  serum  which  agglutinates 
a  known  strain  up  to  10,000  or  20,000. 

Some  workers  commence  the  investigation  of  a  suspicious  colony 
by  performing  an  agglutination  test,  but  it  frequently  ha})pens  that 
typhoid  baciUi  taken  directly  off  the  phite  and  tested  with  an  anti- 
serum, give  a  very  feeble  and  unconvincing  reaction.  Scheller  ( 1 908 j 
has  observed  quite  a  gradation  of  agglutinability  in  typhoid  colonies 
taken  directly  from  the  same  plate.  Media  containing  certain 
inhibiting  agents  like  malachite  green,  have  been  found  to  reduce 
the  agglutinability  of  typhoid  bacilli  when  examined  directly. 

By  performing  the  agglutination  test  after  sub-culture  on  broth, 
all  the  strains  which  I  have  isolated  from  MacConkey  plates  (either 
from  faeces  or  urine)  have  without  exception  agglutinated  up  to  1  in 
5,000  or  1  in  10,000. 

Further,  by  preliminary  performance  of  the  fermentation  tests, 
one  acquires  a  knowledge  of  the  characters  of  the  many  members 
of  the  non-lactose  group  whose  appearance  on  plates  may  simulate 
strongly  that  of  the  typhoid  colony,  which  may  indeed  give  a  slight 
reaction  with  a  potent  antityphoid  serum,  but  which  can  be 
absolutely  excluded  by  their  fermentation  and  other  properties. 

A  motile  non-lactose-fermenting  organism  producing  a  permanent 
acidity  on  litmus  milk  and  no  indol,  rendering  glucose,  mannite,  and 
sorbite,  but  not  cane  sugar,  acid,  has  invariably  satisfied  the 
agglutination  test  when  finally  applied.  The  rare  occurrence  of  a 
non-motile  or  temporarily  non-motile  typhoid  strain  has  been 
reported  on  at  least  two  or  three  occasions.  Those  recorded 
recently  by  Ernst  (1908)  and  Fischer  (1909)  ultimately  recovered 
their  motility  after  cultivation  on  various  media.  Such  a  strain  I 
have  also  encountered  on  one  occasion.  It  gave  all  the  fermenta- 
tion tests  and  the  agglutination  and  absorption  tests,  but  in  spite 
of  various  methods  of  culture  and  animal  passage,  it  has  not  so  far 
given  evidence  of  motility.  The  strain  referred  to  was  obtained 
from  the  stools  of  a  female  lunatic  in  the  course  of  investigations 
in  an  asylum.  Further  samples  of  faeces  were  negative,  and  it 
seems  quite  possible  that  this  woman  had  been  a  so-called 
temporary  or  acute  carrier. 

It  has  already  been  mentioned  that  frequently  the  stools  of 
typhoid  carriers  give  practically  pure  growths  of  B.  typhosus  on 
plates,  and  there  is  little  trouble,  therefore,  in  isolating  them  in 
such  (drcumstances.  I  have  not  observed  that  on  these  occasions 
the  stools  are  unusuallv  loose  in  character,  but  on  the  other  hand 
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there  seems  to  be  no  doubt  that  after  a  period  of  constipation  it 
may  be  possible  to  encourage  the  a])pearance  of  tlie  bacillu?  in  the 
fa3ces  by  the  administration  of  a  mild  purgative  or  cholagoguc. 

The  isohition  of  B.  typhosus  from  the  urine  in  urinary  carriers, 
is,  as  a  ruk*,  very  easy,  as  it  is  generally  the  only  organism  present. 
Some  difficulty  is  said  to  have  been  encountered  in  getting 
organisms  isolated  from  urine  to  agglutinate  properly,  but  this  has 
not  been  my  experience. 

The  diagnosis  of  carrier  cases  by  serological  methods  (opsonins 
or  tropins,  or  complement-deviating  bodies)  can  only  be  regarded  as 
adjuvants  to  the  ordinary  bacteriological  routine.  This  subject 
will  be  discussed  in  Chapter  XIV.  {sec  also  Hamilton,  1910). 

Finally,  I  may  refer  to  an  interesting,  though  not  very  practical, 
method  of  demonstrating  the  presence  of  B.  typhosus  in  a  carriej* 
Avho  may  not  at  the  time  be  actively  shedding  the  bacillus  in  the 
fjeces.  Weber  (1908)  passed  a  dose  of  oil  (about  200  c.c.)  into  the 
stomach,  thereby  causing  a  regurgitation  of  typhoid-containing 
bile  into  that  organ.  After  half-an-hour  the  stomach  was  emptied 
and  a  iluid  obtained  which  pi-esented  an  upper  oily  layer  and  a 
low^ei"  watery  bile -stained  layer.  In  two  chronic  carriers  w^hose 
stools  contained  only  a  very  few  typhoid  bacilli,  he  was  able  to 
recover  the  typhoid  bacillus  from  the  upper  oily  layer.  It  is  not 
always  possible,  however,  to  obtain  this  back  How  of  bile  into  the 
stomach. 

Media  employed  for  the  Isolation  of  B.  Typhosus  from  the  Excreta. 

It  would  take  too  much  space  to  discuss  the  res])ective  merits  of 
the  many  media  employed  for  this  purpose,  but  some  reference  w^ill 
be  made  to  the  results  recorded  by  those  who  have  had  personal 
experience  of  their  use,  or  who  have  instituted  comparative  tests  as 
to  their  efficiency.  For  the  preparation  of  the  various  media  the 
reader  is  referred  to  the  original  papers  {see  Bibliography). 

Only  those  media  which  arc  in  current  use  at  the  present  time 
will  be  referred  to. 

1.  Bile-salt-lactose~neutral-red-agar. 

MacConkey's  (1901)  original  media  did  not  contain  the  neiitral- 
red.  The  latter  was  added  on  the  suggestion  of  Griiubaum  and 
Hume  (1902). 

Foi-  full  information  regarding  the  develoj)ment  of  bile-salt 
media,  the  reader  is  i-ef'erred  to  a  recent  communication  by 
MacConkey  (1908),  in  which  the  exact  mode  of  preparation  is 
described. 

2.  jNIedium  of  Drigalski  and  Conradi  (1902).  I.actose-litmus- 
nuti'ose-kristalviolett-aii'ar. 

The  i)reparation  of  this  well  known  medium  is  described  in  most 
bacteriological  text-books.  On  the  Continent  its  use  is  now  very 
largely  sujjcrscjded  by  media  of  more  recent  development.  {^Scc 
bclowj. 

3.  Medium  of  J:indo  (1903).  Lactose-fuchsin-sodium-sulphite- 
agai'. 

4  .Method  of  ])relimiiiary  ciiric^hmcnt  by  cafleine.  Kotli  (1903), 
Ficker  and  Hoiliuann  (1904),  Lubenau  (1907),  Werbitzki  (1909;. 
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'I'lic  fiocal  nuUcrial  Is  iiicubiitr.d  in  llic  ciifrdnc  (;iiri(liin<r  solution 
iind  finally  phitcd  on  Drigalski-Conriidi  plates. 

Caiieine  lias  also  been  added  with  advantage  to  fuehsin  media 
((iaelitox'iis,  190,")),  and  inalaeliite-green  media  {srf;  ]>elovv). 

5.  Media  containing  malachite-green,  introduced  by  Loefflcr 
(190;))  and  since  modified  and  improved  by  himself  and  others. 

(a.)  Malachite-green-nutrose-agar.     Loefllcr  (1900). 

{/).)  Mahichite-green-])ile-agar.     Loefflei*  (1907). 

{(•,)  Malachite-green    sodium     sulphite-bile-agar.        Padlewski 

(1908). 
(r/.)  Mahichite  -  green  -  safranin  -  reinblau     media.       LoefHcr, 

Walter,  Dibbelt,  and  Wclirlin  (1909). 
(>'.)  Method  of   Lent/   and  Tietz   (1903,    1905)  in   which   the 

malachite-green  medium  is  used  mainly  as  an  enriching 

medium,    the    growth    being    subsequently    plated    on 

Di'igalski-Conradi  or  Endo  plates. 
(This  is  the  method  in  current  use  at  the   Strassburg  Institute; 
(see  below). 

6.  Brilliant-green-pici'ic-acid-agar.     Medium   of  Conradi  (19()8). 
Fawcus  (1909)  has  modified  this   medium   by  adding  to  it  bile- 
salt  and  lactose. 

7.  China-green-agar,     Medium  of  Werbitzki  (1909). 

During  the  last  two  years  some  important  comparative  trials 
have  been  made  of  these  various  media,  but,  as  might  have  been 
expected,  the  results  have  shown  little  unanimity.  It  would  appear, 
indeed,  that  the  media  which  prove  most  efficient  in  these  trials  are 
those  with  which  the  various  authors  themselves  have  had  most 
practical  experience.  The  results  certainly  bear  out  the  statement 
made  earlier  in  this  chapter  that  a  thorough  knowledge  of  the 
capabilities  of  these  media  under  all  conditions  is  essential  before  one 
can  arrange  them  in  an  "efficiency-scale."  It  may  be  of  interest, 
however,  to  cite  some  of  these  results  as  they  may  prove  of  value  to 
workers  in  this  field. 

Schumacher  (1909<'>)  has  compared  the  efficiency  of  the  recently- 
introduced  Conradi  medhmi  (brilliant-green-picric  acid)  with  that 
of  Endo,  employed  either  alone,  or  after  enrichment  on  malachite- 
green. 

The  latter  was  the  method  then  in  constant  use  at  the  Institute 
ni  Irier. 

500  samples  of  excreta  (suspected  to  contain  1).  typhosus)  wei'c 
plated  on  these  two  media  simultaneously,  the  amount  of  material 
plated  being  the  same  in  each  case. 

Results  : — 

Endo  plate  alone  ...     45  positive  results  =   9  per  cent. 

Endo    plate  H-  malachite- 
green  enrichment        ...     50         „  „       =10        „ 
Brilliant  -  green        picric 

acid  (Conradi)  ...     54         .,  „       =10*S     „ 

So  far  as  the  percentages  go,  the  differences  do  not  appear  vei-y 
great,  but  the  author  on  reviewing  his  results  came  to  the  conclusion 
that  the  brilliant-green  plate  materially  increased  the  chances  of 
obtaining  positive  results.  Howevei',  in  view  of  the  fact  that 
brilliant-green    sometimes    failed    where    Endo    or   malachite-green 
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succeeded,  lie  advised  tlie  following  combination  of  the  two  methods. 
The  material  is  spread  on  a  brilliant-green  plate,  then  Avith  the 
same  bent  rod  on  a  malachite  plate,  and  from  this  again  on  an 
Endo  plate. 

The  majority  of  the  positive  results  would  be  got  on  the  Endo  or 
brilliant-green  plate,  and  this  may  be  still  further  raised  by  washing 
off  the  growth  on  the  malachite  plate  and  replating.  This  three- 
phite  system  is  at  present  in  use  at  Trier,  and  experiments  are  being 
made  with  the  object  of  combining  malachite-green  and  brilliant- 
green  in  one  ])latc. 

Katlie  and  Blasius  (1909),  of  the  Hygiene  Institute  in  Halle,  have 
reported  on  a  series  of  comparative  tests  made  with  the  following 
media  : — 

Malachite-green-Drigalski  (Lentz-Tietz). 

Endo. 

Brilliant-green-picric  acid  (Conradi). 

Malachite-green-bile-agar  (Padlewski). 

The  material  em])loyed  was  the  fasces  and  urine  of  j)atients,  in 
whom  a  definite  diagnosis  of  enteric  fever  had  been  made,  either  l)y 
successful  isolation  of  bacilli  from  the  blood,  or  by  the  Widal 
reaction.  Samples  were  taken  at  various  stages  of  the  disease,  and 
both  freshly  passed  material  and  material  several  days  old  was 
employed.  Of  each  medium,  one  large  or  three  small  plates  were 
spread,  with  approximately  the  same  quantity  of  material.  The 
plates  were  examined  after  18-22  hours  at  37°  C.  and  again  after  a 
further  period  of  20-24  hours.  Attention  was  paid  only  to  the 
presence  or  absence  of  typhoid  colonies  and  not  to  their  relative 
numbers.  53  samples  in  all  were  examined,  viz.,  22  of  urine 
and  31  of  faeces.  With  the  latter  they  obtained  the  following 
I'csults  : — 

Malachite-green-Drigalski 

(Lentz-Tietz)  ...         ...     3  positive  results  =  10  ])er  cent. 

Drigalski-Conradi        ...  ...     6        „  „        =19        „ 

Endo      8        „  „        =26        „ 

Brilliant-green-pici-ic  (Conradi)     9        „  „        =  29        „ 

Malachite-bile  (Padlewski)     ...  10        „  „       =  32        „ 

On  the  whole,  therefore,  the  media  of  Padlewski,  Conradi  and 
Endo  proved  most  satisfactory,  whereas  the  method  of  Lentz- 
Tietz  ])roved  least  successful  in  this  pai'ticular  trial  although  the 
authors  had  carried  out  exactly  the  directions  recommended  by  its 
orii>iiiators. 

As  so  many  others  have  found,  Katlie  and  Blasius  were  unable 
to  satisfy  themselves  of  the  favouring  action  of  malachite  green  on 
the  typhoid  bacillus  and  its  inhibitory  action  on  B.  coli.  In  their 
view,  the  mahi  cause  of  the  discre})ancy  in  the  results  with  mala- 
chite green,  is  to  be  found  in  the  varying  resistance  offered  by 
typhoid  strains  to  this  agent,  some  being  able  to  grow  on  it  readily 
while  others  are  com])letely  inhibited. 

There  is  no  one  "  medium  of  selection "  for  the  isolation  of 
B.  typhosus  From  f«ces.  Each  medium  has  its  advantages  and 
disadvantages  nnd  in  order  to  obtain  the  maximum  efficiency 
Kathc  and  Blasius  reconnnend,  as  Schumacher  does,  a  combination 
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of  throe  media,  viz.,  Padlewski,  Eiido  and  Coiiradi  fbrilliaiit 
i^'reeii  picric  acwd)  with  .subsequent  ])hitiii^  on  Enih). 

The  method  they  atlo])t  is  the  following  : — Two  or  three  loopH 
are  spread  on  a  Conradi  plate  (brilliant  green)  and  with  the  same 
rod,  a  Padlewski  plate  is  spread. 

Two  to  three  l()0])s  are  also  spread  on  a  m;ilachite-green  plate 
and  with  the  same  rod  an  Endo  plate  is  spreatl.  The  plates  are 
incubated  for  18-20  hours,  and  if  no  suspicious  colonies  are  present 
the  Conradi  and  the  malaehite-gi'een  plates  are  washed  off'  and 
plated  again  on  Endo.  They  are  then  left  for  another  period  of 
18-20  hours. 

(For  information  regarding  the  cost  of  these  media,  this  ])aper 
by  Kathe  and  Bhisius  should  be  consulted.) 

Other  observers,  Grimm  (1909),  Fischer  (1909),  c\:c.,  have 
reported  very  favourably  on  the  method  of  L(uitz-Tietz.  Thus  the 
former  obtained  the  following  results  with  25  samples  of  ficccs  from 
typhoid  patients  or  carriers  : — 

Drigalski-Conradi         ...  ...     9  positive  cases  =  36  per  cent. 

Malachite  -  bile  -  agar  (Loeftier)     9        „  «  =  36        „ 

Padlewski  ...  ...  ...   12         „  ,,  =  48        „ 

Brilliant-green  (Conradi)         ...   14         ,,  „  =  56        „ 

Lentz-Tietz       ...         ...         ...   15        „  „  =  60        „ 

Fischer's   material   was    100    samples   of   fa3ces  which  certainly 
contained  typhoid  bacilli. 

With  the  methods  of  Lentz-Tietz,   Endo  and  Conradi  (brilliant 
green)  he  obtained  positive  results  in  76  per  cent.,  63  per  cent,  and 
48  per  cent.  I'espectively. 

Megele  (1909),  on   the  other  hand,  working  ^vith  the  fieces  of 
carriers  found  Padlewski's  method  the  most  efficient.     His  figures 
were  ; — 

Drigalski-Conradi  ...     70     per  cent,  positive  results. 

Conradi    (Brilliant-green)     66'6         „  „  „ 

Malachite-green  (Loeffler)     33*3         „  „  „ 

Padlewski  ...         ...     79  „  „  „ 

The  most  recent  comparative  tests  have  been  made  by  Gaehtgens 
and  Briickner  (1910)  of  the  Strassburg  Institute,  where  the  metliod 
of  Lentz-Tietz  is  in  constant  use  for  the  isolation  of  typhoid  bacilli 
from  excreta. 

One  hundred   samples   of   fieces  were  examined,   viz.,   22   from 
carriers,    72    from    typhoid    patients,    and    six    from    j)ara typhoid 
patients  during  the  febrile  period.    They  were  plated  simultaneously 
on  seven  different  media  with  the  following  results  : — 

Lentz-Tietz  ...         ...  ...  ...     66  i)ositive  =  66  per  cent. 

Conradi  (Brilliant  green)  with  subse- 
quent washing  off... 
Caffein-Fucb sin- Agar  (Gaehtgens)... 
China-green- Agar  (Werbitski) 
Fuchsin-Agar  (Endo) 
Malachite  -  green  -  sodium  sulphite  - 

bile-agar  (Padlewski)       ...  ...     48        „        =48 

Conradi    (brilliant     green)    without 

subsequent  washing  off    ...  ...     41        „        =41 
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?s 

=  59 

58 

?» 

=  58 

53 

^5 

=  53 

50 

*^ 

=  50 

The  iion-succcss,  wliicli  Katlie  and  Blasius  had  with  the  meth(xl 
of  Lentz-Tietz,  they  tittribiited  to  the  fact  that  the  plates  had 
not  been  incubated  long  enough.  According  to  (laehtgens  and 
l)i-ii('kner  the  "enrichment"  plates  should  be  incubated  for  at  least 
24  hours  and  if  only  slight  groAvth  occurs,  for  another  period  of 
24  hours.  Kathe  and  Blasius  had  also  used  a  neutral  agar,  whereas 
(Taehtgens  and  Briickner  employed  one  with  a  reaction  of  1  ])er 
cent,  nornuil  soda  below  the  Phenolphthalein  neutral  point.  (Modi- 
fication by  KHnger,  1904.)  It  is  certainly  significant  that  the 
medium  with  which  Gaehtgens  and  Briickner  had  had  constant 
cxpericn(;e  for  five  years  in  the*  Strassbui'g  Institute  should  have 
stood  this  (!om])a)"ative  test  so  well. 


ClIAPTEK    XI I. 


Discussion  of  the  General  Question  of  Gakuier- 

Infectivity. 

This  question  involves  the  consideration  of  many  factors  which 
must  play  a  part  in  the  successful  infection  of  a  new  host  by  a 
carrier.  In  the  first  place,  the  bacillus  has  to  be  transferred 
directly  or  indirectly  from  the  carrier  to  the  new  host.  The  degree 
of  likelihood  of  this  transference  taking  place  will  depend,  perhaps 
largely,  on  the  personal  hygiene  of  the  carrier  and  the  measures  of 
disinfection  adopted  by  him,  provided  he  is  cognisant  of  his  con- 
dition, and  on  the  method  of  disposal  of  his  stools  and  urine.  Where 
the  carrier  is  unaware  of  his  condition,  the  chances  of  successful 
transference  are  much  greater  in  spite  of  average  personal  hygiene, 
and  they  are  also  very  much  intensified  in  the  case  of  lunatics  of 
unclean  habits.  Further,  much  will  depend  on  the  environment  and 
personal  hygiene  of  the  new  host  in  so  far  as  these  conditions  affect 
his  liability  to  exposure  to  infection.  If  these  conditions  are  satis- 
fied, ie.^  given  carriers  and  associates  of  uncleaidy  personal  habits, 
the  probability  of  successful  transference  to  a  new  host  is  greatly 
enhanced,  ])rovided  the  carrier  is  actively  excreting  the  typhoid 
bacillus.  Throughout  this  memoir  numerous  instances  of  prolonged 
intermission  (up  to  two  years  in  some  cases)  are  referred  to. 
Certainly,  some  of  these  may  be  only  apparent  intermissions,  ^.6^, 
the  bacilli  discharged  may  be  so  few  that  our  bacteriological  methods 
cannot  reveal  them.  There  can  be  no  question  that  many  of  the 
instances  of  intermittent  infectivity  cited  throughout  the  earlier 
chapter  of  this  memoir,  are  to  be  explained  by  the  variation  in  the 
numbers  of  bacilli  excreted  by  the  carrier  from  time  to  time. 
Obviously  the  more  numerous  the  bacilli  excreted  are,  the  greater 
is  the  chance  of  their  being  successfully  transferred  to  a  new  host. 
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V\w.  maijniliKlc  of  tlu-  dose;  recciivcd  l)v  (Ik;  iu;\v  host  i>  |)r()l>{il)lv  Ji 
most  important  r.ictor  ill  (Ictcrniiiiini';  whether  a  Hiibseqiient  irilcM'tion 
tiikes  phicc  or  not. 

CHvcn  a  snceesslul  transference  to  the  new  host,  tlicre  icmain  for 
suceessfnl  infeetion  at  h'ast  two  fui-th(;r  factors,  viz.,  virnlenee  of 
the  strain  and  the  in(li\  idual  snseeptibility  of  the  new  liost.  Witli 
rei>ard  to  the  first,  a  <::^eneral  notion  has  prevailed  tliat  earric-r  strains 
are  less  virulent  than  those  from  acute  typhoid  cases.  As  to  this 
there;  is  no  sufficient  evidence.  If,  as  some  authors  have  done,  we 
take  the  mortality  among  the  affected  as  the  criterion  of  virulence, 
we  find  entirely  discordant  conclusions.  If,  on  the  other  hand,  the 
effect  of  the  bacillus  typhosus  on  animals  be  selected  as  an  index  of 
its  virulence,  the  evidence  hitherto  available  on  this  point  is  found 
to  be  incouclusive.  As  a  matter  of  fact,  seeing  that  the  experi- 
mental reproduction  of  enteric  fever  in  animals  is  impossible,  we 
possess  really  no  reasonably  certain  experimental  criterion  of 
virulence.  Intraperitoneal  inoculation  of  the  guinea-pig  has,  how- 
ever, been  widely  employed  in  testing  the  virulence  of  typhoid  strain>, 
and  the  variations  in  the  magnitude  of  the  minimal  lethal  dose  for 
that  animal  have  been  shown  to  bear  some  relation  to  the  ease  with 
which  the  bacillus  is  acted  upon  by  the  various  antibodies  in  normal 
and  immune  serum  (lysins  and  opsonins). 

So  far  as  carrier  strains  have  liitherto  been  compared  with  those 
isolated  from  typhoid  cases  in  respect  to  their  virulence  for  the 
guinea-pig,  no  marked  divergence  has  been  found.  The  same 
variations  in  virulence  are  met  with  among  carrier  strains  as  among 
those  from  acute  cases. 

Lentz  (1905)  sent  20  carrier  strains  to  the  Institut  fiir  Infektions- 
kranliheiten  to  be  tested  for  virulence,  with  the  result  that  neither 
a  greater  nor  a  less  degree  of  virulence  than  that  of  ordinarv 
typhoid  strains  could  be  detected.  It  cannot  be  said,  however,  that 
enough  strains  have  yet  been  examined  in  this  respect  to  justify 
definite  decision  on  the  matter.  Most  authors  have  omitted  to 
test  the  strains  they  have  isolated  on  the  guinea-pig.  It  is  highlv 
important  that  in  performing  such  tests,  as  small  an  interval  as 
possible  should  elapse  between  isolation  of  the  strain  and  the 
determination  of  its  virulence.  I  have  adopted  the  following 
technique  in  testing  the  virulence  of  carrier  strains  for  the  guiuea- 

The  ficces  are  plated  in  the  usual  way,  and  on  the  following  day, 
if  typhoid-lilce  colonies  are  present,  one  is  touched  with  the  point 
of  a  straight  needle  and  inoculated  into  a  fixed  quantity  of  broth 
(6  c.c),  wdiich  is  then  incubated  for  48  hours.  A  control  mannite 
tube  from  the  same  colony  is  also  inoculated,  so  as  to  make  cei'tain 
that  the  colony  is  really  a  typhoid  colony.  Growth  for  48  hours  in 
this  way  gives  a  fairly  constant  number  of  bacteria  per  cubic 
centimetre  (700  to  800  millions).  Guinea-pigs  of  250  gram,  weight 
are  then  inoculated  intraperitoneally  with  falling  quantities  of  the 
broth  culture.  The  result  has  been  that  most  of  the  strains  tested 
kill  in  1  c.c,  a  few  in  O'l  c.c,  and  a  few  in  2  c.c.  There  is  there- 
fore no  evidence  of  lack  of  virulence. 

Far  more  important  than  the  isolated  virulence  test  is  the 
periodical  test,  as  there  is  certainly  the  possibility  that  the  virulence 
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of  the  strain  may  vary  at  different  times  of  the  year  in  the  same 
carrier.  My  observations  on  this  point  are  not  on  a  sufficiently 
large  scale  to  permit  of  trustworthy  conclusions  being  drawn,  but 
some  results  already  obtained  suggest  that  some  such  variation  in 
virulence  occurs.  For  example,  a  strain  isolated  from  an  intestinal 
carrier  on  23rd  October,  1909,  killed  in  one-tenth  c.c.  A  culture 
isolated  on  19th  November  killed  only  in  1  c.c.  On  1st  February, 
1910,  the  culture  isolated  did  not  cause  death  in  1  c.c.  On  14th 
February  it  did  not  kill  in  2  c.c. 

However,  without  much  further  investigation  it  would  be  un- 
justifiable to  assume  that  the  virulence  of  a  carrier  strain  is  much 
reduced  during  the  winter  months.  Whether  the  guinea-pig's 
susceptibility  to  the  B.  typhosus  varies  in  the  opposite  direction 
according  to  the  season  must  be  left  undecided. 

That  an  avirulent  bacillus  might  suddenly  regain  its  virulence 
was  suggested  also  by  Scheller  (1909),  who,  however,  gave  no 
evidence  in  support  of  this  point. 

Niepratsck  (1909)  who  made  a  very  careful  examination  of  the 
strain  isolated  from  the  urine  of  a  urinary  carrier  (i^^^*  Chapter  VI.), 
found  that  its  virulence  for  the  guinea-pig  Avas  distinctly  low.  By 
passage  through  the  guinea-pig  he  succeeded  in  raising  the  virulence 
considerably,  and  he  suggested  that  a  similar  increase  of  virulence 
might  be  attained  by  passage  through  the  human  body,  and  in  this 
way,  slight  or  unrecognised  infections  might  be  followed  by 
infections  of  average  severity. 

I  now^  come  to  the  second  factoi*  involved  in  the  successful 
infection  of  a  new  host  by  a  carrier,  viz.,  the  susceptibility  of  the 
host.  Unfortunately  we  have  no  satisfactory  method  of  experimen- 
tally estimating  the  strength  of  this  factor,  and  our  conception  of 
its  importance  must  depend  for  some  time  on  actual  observed  facts. 
Thus  we  have  seen  that  the  typhoid  bacillus  may  be  taken  into  the 
intestine,  may  even  gain  entrance  to  the  general  circulation  and  be 
passed  in  the  urine  without  giving  rise  to  any  obvious  infection  at 
the  time.  Scheller's  ( 1908)  cases  in  the  milk-spread  epidemic  already 
(j  noted  {vide  Chapter  IV.),  afford  one  of  the  most  convincing  instances 
of  this  phenomenon.  In  view,  however,  of  the  demonstration  of 
typhoid  bacilli  in  the  faeces  and  blood  during  the  incubation  stage 
of  typhoid  fever  by  Mayer,  Conradi  and  others,  it  might  be 
expected  that  some  of  these  so-called  temporary  carriers  would 
ultimately  present  symptoms  of  infection,  and  Mayer  (1910)  has 
actually  observed  such  cases. 

It  seems  appro]  )riate  here  to  refer  to  certain  observations  of 
Busse  (1908)  on  the  occurrence  of  typhoid  bacilli  in  the  blood  of 
patients  at  whose  autopsy  tubercular  lesions  only  were  found. 

The  first  case  was  a  female  of  48  years  who  was  suspected  to  be 
suft'ering  from  typhoid  fever.  She  was  admitted  to  hospital  on 
81st  January,  1907.  The  typhoid  bacillus  was  twice  isolated  from 
the  blood,  viz.,  on  1st  February  and  6tli  February,  1907,  but  the 
serum  gave  a  negative  Widal  reaction.  Death  took  place  on 
7th  February,  1907.  Post-mortem,  most  of  the  organs  showed 
miliary  tubercules,  the  lym])!!  glands  were  caseous,  but  no  lesions 
pointing  to  a  typhoid  infection  were  detected  (Peyer's  patches  not 


109 

swollen).  The  organs,  however,  wore  not  examined  bnetcriolofji- 
cally,  and  no  mention  is  made  of  the  eondition  of"  the  gall-))hidder. 
Further,  what  ap])eni-s  to  me  a  point  of  importance,  was  the  fact 
that  rose-spots  were  present  on  the  fourth  day  of  hei-  sojourn  in 
hospital.  There  was  no  evidence  of  her  having  had  a  pi-evious 
attacdv  of  enteric  fever.  The  second  case  was  also  a  female  of 
25  years  suspected  to  be  suffering  from  typhoid  fev(;r,  who  was 
admitted  to  hospital  on  9th  April,  1907.  Tlui  Widal  redaction  was 
negative,  but  the  typhoid  bacillus  was  isolated  from  the  blood  on  10th 
April,  1907.  The  spleen  was  palpable  under  the  ribs  and  apparently 
also  tender.  Death  took  place  on  the  16th  April,  1907.  At  the 
autopsy  generalised  tuberculous  lesions  were  present  in  the  lungs, 
intestine,  peritoneum,  Sec.  There  was  no  swelling  of  the  Peyer's 
patches,  but  three  ulcers  with  tuberculous  areas  at  their  bases  were 
present  in  the  small  intestine.  The  spleen,  lungs,  liver,  bile  and 
mesenteric  glands  were  bacteriologically  examined  with  negative 
results.  A  typhoid-like  bacillus  was,  however,  isolated  from  the 
bile,  but  it  was  not  thoroughly  examined,  which  is  unfortunate. 

In  Busse's  view,  the  typhoid  bacillus  was  living  a  saprophytic 
existence  in  these  two  cases,  as  in  those  carriers  who  have  never 
had  any  clinical  symptoms  of  a  typhoid  infection.  The  blood 
invasion,  he  believed,  was  brought  about  by  an  increased  permea- 
bility of  the  intestinal  wall  owing  to  the  tuberculous  lesions  therein. 
A  phthisical  female  patient  in  whom  there  was  no  suspicion  of 
typhoid  fever  was  also  examined.  From  her  blood  the  typhoid 
bacillus  was  isolated  on  several  occasions  although  the  Widal 
reaction  proved  negative.  The  urine  and  faeces  of  this  case  were 
examined  bacteriologically  with  negative  results. 

Further,  from  the  blood  of  a  case  of  pneumonia  the  typhoid 
bacillus  was  isolated  although  the  urine  and  fiiices  were  negative. 
This  patient  presented  symptoms  of  diarrhea  at  first,  but  the  course 
of  the  illness  proceeded  as  a  typical  pneumonia  of  the  right  lower 
lobe.  No  evidence  is  afforded,  however,  proving  that  the  lung 
infection  was  not  of  a  typhoidal  nature. 

Busse's  conclusion  was  that  all  these  cases  were  probably  carriers 
although  they  presented  no  history  of  having  had  typhoid  fever. 
The  typhoid  baciUus,  leading  a  saprophytic  existence  in  the  intestine, 
reached  the  blood  stream  as  a  result  of  an  increased  permeabilitv 
of  the  intestinal  muscosa  due  to  the  tubercular  lesions.  Further,  he 
concluded  that  the  presence  of  typhoid  bacilli  in  the  blood  is  not  an 
absolute  sign  of  the  presence  of  a  typhoid  infection. 

These  results  of  Busse  have  to  be  considered  in  the  light  of 
accumulated  knowledge  regarding  atypical  and  appai'ently  symptom- 
less enteric  fever  on  the  one  hand  and  typhoid  carriers  with  no 
typhoid  history  on  the  other  hand.  The  explanation  given  bv 
Busse  that  these  cases  were  really  typhoid-carriers,  and  that  a 
passive  invasion  of  the  blood-stream  took  place  as  the  result  of  the 
intestinal  lesions,  may  be  a  perfectly  sound  one,  but  there  is  nothino- 
in  the  evidence  which  entirely  excludes  the  })ossibility  of  these  cases 
being  really  mixed  infections  of  tubercle  and  typhoid. 

In  chronic  carriers  the  blood  has  very  seldom  l)een  examined 
bneteriologically,  but  in  the  few  examinations  made,  it  has  invariably 
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been  negative.     Dnrino-   an   exacerbation   of  cliolecystitis,  however^ 
the  blood  may  be  fonnd  to  contain  the  bacilli. 

Some  years  before  Bnsse's  observations  on  this  question  appeared, 
Jurgens  (1907)  had  reported  the  finding  of  typhoid  bacilli  in  the 
froces  of  a  tuberculous  patient  in  the  course  of  an  epidemic  of 
ty])hoid  fever.  A  diagnosis  of  enteric  fever  was  made,  but  from  the 
further  course  of  the  disease  there  was  no  doubt  tliat  the  symptoms 
were  attributable  entirely  to  the  tubercidar  infection.  V.  Krehl 
(1906)  also  recorded  the  discovery  of  typhoid  bacilli  in  the  blood  of 
a  case  which  proved  at  autopsy  to  be  one  of  miliary  tuberculosis. 
All  such  cases  demand  a  more  thorough  bacteriological  investigation 
than  has  hitherto  been  accorded  them,  and  it  would  be  advisable  in 
cases  of  suspected  miliary  tuberculosis  in  children  to  examine 
whether  the  blood  serum  gives  a  AVidal  reaction  and  Avhether 
the  typhoid  bacilli  can  be  isolated  from  the  blood.  The  literature 
contains  not  a  few  references  to  the  presence  of  agglutinins  for  the 
typhoid  bacillus  in  the  serum  of  tuberculous  patients  (Jurgens  (1907), 
Krencker  (1909)  and  others)  but  the  most  recent  observations  of 
Roth  (1910)  on  this  subject  go  to  show^  that  such  occurrences  must 
be  very  rare.  The  latter  observer  examined  the  sera  of  100  cases 
of  severe  pulmonary  tuberculosis,  including  five  cases  of  the  miliary 
form.  The  dilutions  he  employed  were  1  in  50,  1  in  75,  1  in  100, 
and  1  in  200.  Of  this  large  series,  five  only  gave  a  reaction  in  1  in 
50  and  one  in  1  in  200.  This  latter  case  Avas  a  man  of  44  years 
who  had  never  suiFered  from  typhoid  fever.  Five  years  previously 
he  had  had  an  illness  diagnosed  as  "Influenza."  What  most  of  his 
predecessors  in  this  field  had  neglected  to  do,  Roth  did  ;  he  made 
repeated  examinations  of  this  person's  faices,  but  so  far  he  has  been 
unable  to  isolate  typhoid  bacilli  therefrom. 

Several  authors  have  reported  instances  which  suggest  that 
certain  factors  such  as  trauma,  pregnancy,  the  puerperal  state,  &c. 
may  predispose  to  infection.  Thus  Levy  and  Wieber  (1907)  report 
the  case  of  a  woman  who  had  her  first  child  on  1st  October,  1906. 
and  12  days  later  had  recovered  from  the  effects  of  confinement. 
On  21st  October  she  fell  ill  Avith  typhoid  fever,  and  the  bacillus  was 
found  in  her  faeces.  The  mode  of  infection  was  doubtful,  but  it 
was  found  that  her  mother  had  stayed  with  her  in  the  house  since 
the  birth.  The  mother,  who  was  quite  healthy,  belonged  to  a 
villaire  in  Avhich  entei'ic  cases  had  been  notified  in  1906.  During' 
the  summer  she  had  had  an  infiuenzal  attack,  Avhich  was  now  judged 
to  be  typhoid  fever.  Her  stools  were  therefore  examined  and  she 
was  found  to  l)e  a  carrier.  Thus  the  Avoman  Avas  a])parently  in- 
fe(*ted  by  her  mother,  and  in  Levy  and  Wieber's  vieAV,  childbed 
Avas  the  predisposing  cause. 

Cases  of  enteric  fever  in  the  puer])eriuin  have  not  infrequently 
been  diagnosed  as  puerperal  fever.  Lc^vy  and  Wieber  report  in 
illustration  of  this  point,  that  tAvo  epidcunics  occurred  in  Iavo 
villages  near  Strassburg,  the  one  Avith  14  cases  and  the  other  Avith 
11  cases.  They  were  both  ascribed  to  contact  with  a  typhoid-sick 
Avomnn  in  the  puerj^erimu  Avhose  illness  had  not  been  diagnosed  as 
such,  but  as  ])U(n'])eral  fe\er.  Recently  I  had  an  oppoi'tunity  of 
examining  the  blood  of  llic   lunbilical  cord,  at    the  confinement  of  a 
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ty])li()i(l  carricii'  who  luid  Ixmii  undo'  <)l)serv;ili()n  For  nvc.v  ji  y(!ar. 
The  typhoid  hiM^ilhis  was  ro(*.ovore<l  from  the  hhxxl,  l)ut  or<^anisnis 
ot'  tlie  Coli  group  were  also  present  so  that  some  la^-al  coMtamina- 
tioii  of  the  hlood,  while  the  sample  was  beiii*^  laketi,  eould  not 
definitely  be  exchided.  The  examination  was  undertaken  in  oider 
to  determine  whether  the  genc^ral  disturbance  ineidenl.-il  t(» 
pregnancy  and  childbed  might  induce  a  general  typlnemia.  ITn- 
foi'tunately,  for  tin;  reasons  above  nieritioncMl,  the  mattei*  reniains  not 
proven.  As  it  was,  the  child  remained  (|uite  healthy  and  the 
mother  made  a  normal  recovery. 

Another  factor  has  been  insisted  on  by  Conradi,  viz.,  that 
strangers  are  most  ready  to  contract  infe(!tion  wlien  they  come. for 
the  first  thne  in  contact  with  carriers.  This  ])roposition  is  a 
fascinating  one  and  certain  facts  observed  in  comiection  with 
outbreaks  due  to  carriers  may  be  regarded  as  lending  it  some 
support. 

For  example,  we  have  noted  that  the  victims  of  the  New  York 
cook  (reported  by  Soper,  vide  Chapter  III.)  were  frequently  new^ 
servants  who  had  only  quite  recently  come  in  contact  with  her, 
while  the  members  of  the  household,  who  had  been  served  bv  her  for 
a  considei-able  time,  escaped  infection.  It  would  be  quite  legitimate 
to  suppose  that  the  latter  had  gradually  acquired  a  certain  degree 
of  immunity  by  the  ingestion  of  repeated  small  doses  of  typhoid 
bacilli,  while  the  new  servants  not  so  protected  would  more  readily 
react  to  infection.  There  is,  however,  the  further  possibility  that, 
owing  to  the  closer  contact  of  the  servants  with  the  carrier,  the  less 
strict  cleanliness  in  force  in  the  servants'  hall  at  mealtimes  and 
otherwise,  and  the  use  of  the  sam.e  privy,  the  dose  of  bacilli  ingested 
by  the  servants  would  be  liable  to  be  greater  during  any  given  period 
than  that  ingested  by  the  other  members  of  the  household. 

Davies  and  Walker  Hall  (1908)  have  put  forward  the  view  that 
it  is  only  at  certain  seasons  that  carriers  are  efFecti\'e  and  that  for 
every  carrier  there  is  a  particular  season  when  infection  from  him 
or  her  is  most  likely  to  occur.  The  evidence  on  which  this  view  is 
based  is  not  convincing.  That  carriers  generally  are  more  likely 
to  give  rise  to  infection  durinsr  the  summer  and  autunni  months  has 
been  frequently  commented  on  and  is  exactly  what  might  be 
expected,  in  view  of  the  greater  chances  that  the  ty])hoid  bacillus 
has,  during  this  period,  of  prolonging  its  extra-cor[)oreal  existence 
and  multiplying  itself  before  gaining  entrance  to  a  fresh  host. 
Intermittcncy  in  the  excretion  of  the  bacillus  by  a  carrier  is  cer- 
tainly not  always  confined  to  the  same  season  of  the  year  and  may 
indeed  not  be  observed  at  all  even  when  the  carrier's  excreta  are 
frequently  examined  over  a  long  period.  Thus  in  the  Brentry  case, 
Davies  and  Walker  Hall  found  that  the  fajces  of  Mrs.  H.  were 
negative  during  »Ianuary,  February  and  March  of  1908  (three 
examinations).  Further  examinations  of  the  fieces  and  urine  of 
this  carrier  were  carried  out  by  me  during  the  period  Jum\  1908 
eluly,  1909  (Thomson  and  Ledingham  (1910)),  and  the  results  are 
recorded  in  the  aimexed  table  with  similar  dati  i-egardin^-  other 
carriers  who  have  been  under  bacteriologica'  su])ervisi()n  lor 
considerable  ])eriods. 
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Table  showinof  results  of  examinations  of  fasces  of  chronic 


carriers  (Urine  results 

not 

shown) 

Mrs.  H. 

"G." 

"McC." 

"C." 

"W." 

"  Ca." 

u  p  " 

Pos.  Neg 

.  Fos. 

Neg. 

Pos. 

Neg. 

Pos. 

Neg. 

;Pos. 

Xeg. 

Pos. 

Neg. 

Pos. 

Neg. 

1907. 

Sept.      ... 
Oct. 
Nov. 
Dec.       ... 

1908. 

— 

— 

1 
1 
1 

9 

1 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1 

2^ 

2 

— 

1 

0 

— 

— 

— 

— 

— 

r 

Jan. 

— 

1 

1 

— 

1 

— 

— 

1 



— 

— 

— 

— 

. 

Feb.       ... 

2  > 

y 

— 

y 

— 

V 

— 

— 

— 

— 

— 

— 

— 

Mar. 

— 

— 

1 

1 

— 

1 

— 



— 

— 

— 

— 

, 

April 

1 

— 

? 

— 

? 

— 

9 

— 



— 

— 



— 



May 

9 

— 

? 

— 

9 

— 

') 

— 

— 

— 

— 

— 

— 

— 

June 

5 

J 

— 

1 

1 

— 

1 

— 

— 

— 

— 

— 

— 

— 

July 

4 

? 



? 



y 













__^ 

Aug.      ... 

2 

— 

1 

— 

1 

1 

— 

3 

— 

— 

— 

— 

— 



Sept.      ... 

4 

— 

1 

3 

— 

1 

— 

1 

— 

— 

— 

— 

— 



Oct. 

3 

— 

2 

3 

3 

2 



5 

1 

— 

1 







Nov.       ... 

2 

1 

2 

1 

3 

— 

1 

2 

'J 

— 

y 

— 

3 

1 

Dec. 

1 

1 

2 

— 

2 

— 

1 

1 

1 

— 

1 



y 



1909. 

1 

Jan. 

1 

If 

1 

— 

1 

— 

1 

— 

1 

— 

— 

1 

y 



Feb.       ... 

2 

1 1 

2 

1 

1 

2 

1 

2 

y 

— 

? 

— 



Mar. 

1 

1 

3 

4 

— 

1 

3 

1 

— 

— 

1 

1 

1 

April 

2 

—  i 

3 

— 

3 

— 

1 

2 

1 

— 

— 

1 

— 

2 

May       ... 

V 

_ 

2 

— 

2 

— 

1 

1 

1 

1 

— 

2 

4 

— 

June 

V 

— . 

'J 

— 

'J 

— 

y 

— 

9 

— 

y 



2 



July 

3 

-J 

? 

— 

0 

— 

'; 

— 

2 

— 

— 

2 

1 

— 

Aug.      ... 

— 

— 

V 

— 

y 



y 



1 

— 

— 

I 

y 

— 

Sept.      ... 

— 

— 

1 

1 

1 

1 

— 

2 

y 

— 

y 

— 

y 

— 

Oct. 

— 

— 

1 

— 

1 

— 

— 

1 

y 

— 

y 

— 

2 



Nov. 

— 

— 

1 

— 

2 

— 

1 

1 

y 



y 

__ 

1 



Dec. 

— 



? 



? 



■3 



y 



y 



y 



1910. 

Jan. 

— 

— 

1 

— 

1 

-       1 

— 

— 

y 

1 

— 

— 

y 

Feb.       ... 

— 

— 

3 

— 

3 

— 

2 

1 

1 

— 

— 

1 

1 



Mar. 

— 

— 

? 

— 

') 

— 

y 

— 

1 

1 

1 

1 

1 



April 

— 

— 

1 

— 

1 

— 

— 

1 

— 

— 

y 

— 

— 

— 

May 

— 

— 

2 

— 

2 

— 

— 

2 

— 

— 

1 

— 

— 

— 

June 

32  + 

9- 

31  + 

1 

1 

7- 

14  + 

1 

— 

2- 

5+ 

10- 

18  + 

— 

Totals    ... 

16- 

37  + 

30- 

11  + 

4- 

V  denotes  that  no  examination  was  made. 

It  will  be  seen  thut  the  ffieces  of  Mrs.  H.  (Brentry  carrier)  were 
positive  on  four  occasions  out  of  six,  during  January,  February  and 
March,  1909.  G.,  McC,  and  C.  are  the  three  asylum  carriers 
mentioned  in  Chapter  V.,  pp.  58-60  (A.  and  J.  C.  G.  Ledingham). 
(ya.  is  th(;  intermittent  carrier  referred  to  in  Chapter  X.,  pp.  84-85. 
P.  is  the  chronic  carrier  who  suffers  from  periodical  attacks  of  gall 
stone  colic,  Chapter  VI  f.,  ])p.  73-75. 

The  carriers  C.  and  Ca.  are  the  only  two,  in  wlioni  the  negative 
results  exceed  the  positive. 
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CHAPTER   XIII. 


Statistical  Data  Regarding  the  Infectivity  of 

Carriers. 

This  important  question  will  receive  more  adequate  treatment  as 
years  go  on  and  data  accumulate,  and  when  it  has  become  the 
established  practice  for  the  hygienist  to  co-operate  with  the 
bacteriologist  in  all  enquiries  into  the  origin  and  spread  of  enteric 
fever.  Hitherto  the  available  data  have  concerned  only  indi- 
vidual instances  of  infectivity,  and,  except  by  a  few  writers,  no 
attempt  has  been  made  to  employ  these  data  for  statistical  purposes. 
Where,  however,  bacteriological  and  epidemiological  enquiries  have 
run  concurrently  over  a  fairly  prolonged  period,  as  in  south-west 
Germany,  some  exceedingly  striking  facts  have  been  deduced, 
which  point  to  the  not  inconsiderable  part  played  by  carriers  in  the 
spread  of  enteric  fever.  I  shall  consider  in  the  first  place  the 
recent  report  by  Kayser  (1909)  on  the  incidence  of  typhoid  fever 
in  the  town  of  Strassburg  during  the  period  summer,  1903,  to  spring, 
1907  (nearly  four  years). 

There  were  505  cases  in  all  (nearly  141  per  annum),  with  a 
morbidity  of  0*92  per  1,000  of  the  civil  population.  (In  1905  the 
population  of  Strassburg,  excluding  the  military,  was  152,271.) 
6*3  per  cent,  of  the  cases  were  due  to  B.  paratyphosus  ''  A  "  or 
"  B  "  (1  per  cent.  ''  A  "  and  5-3  per  cent.  "  B  "). 

96*7  per  cent,  of  all  the  cases  were  examined  bacteriologically, 
and  in  87  per  cent,  the  source  of  infection  is  said  to  have  been 
traced  with  greater  or  less  definiteness. 
Thus— 

13  per  cent,  of  the  cases  came  to  the  town  already  ill. 
26*7  per  cent,  of  the  cases  are  stated  to  have  contracted  enteric 
fever   by  drinking   raw  milk,  either   from  houses  in  which 
there  were  typhoid  patients,  or  from  dairies  in  which  carriers 
were  employed. 
14*6  per  cent,  were  attributed  to  infection  conveyed  by  water 
(use  of  spring  or  canal  water),  swallowing  of  infected  water 
in  public  baths  and  at  water  sports,  unclean  ice,  &c. 
2  per  cent,   were  attributed  to  food-poisoning  (Paratyphosus 

"B.") 
11*9  per  cent,  were  attributed  to  infection  derived  from  contact 
with  typhoid  fever  patients.     Almost  all  these  patients  had 
been  atypical  or  undiagnosed  cases. 
4*9  per  cent.  Avere  professional  nurses  in  charge   of    typhoid 

cases. 
2*2   per   cent,    were    washerwomen   in   contact   with    typhoid 

patients. 
9*5  per  cent,  were  attributed  to  infection  derived  from  carriers 
(=  48  cases). 

17376  H 
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Kayser  notes  that  some  of  these  cases  due  to  carrier  infection 
were  very  severe.  He  considers  that  the  percentage  of  cases 
attributed  to  infection  by  carriers  is  probably  too  low,  and  states 
that  his  figures  include  only  those  cases  in  which  the  evidence  of 
carrier  infection  was  absolutely  conclusive.  From  an  analysis  of 
his  cases  he  concluded  that  typhoid  fever  might  be  regarded  as  a 
disease  affecting  almost  exclusively  members  of  certain  trades, 
particularly  those  engaged  in  the  preparation  of  food  stuffs,  cooks, 
servants,  milk-sellers,  and  bakers.  There  was  also  some  special 
incidence  on  midwives,  apothecaries,  and  hotel  staffs. 

During  the  period  indicated,  28  carriers  were  discovered  in  the 
town  of  Strassburg.  Of  these  nine  were  chronic  carriers,  eight 
excreted  the  bacilli  for  some  weeks  or  months,  while  in  the  re- 
maining persons,  including  four  children,  the  bacilli  were  found 
only  once  or  twice. 

Children  were  never  found  to  be  chronic  carriers. 

Of  the  28  carriers,  11  gave  rise  to  typhoid  cases  in  their  neigh- 
bourhood, nine  probably  caused  other  infections,  and  eight  gave  no 
reason  for  suspicion. 

To  summarize,  carriers  accounted  for  at  least  9*5  per  cent,  of  the 
total  cases  of  typhoid  fever  during  the  period  under  review. 

In  the  cases  due  to  milk,  Kayser  includes  those  in  which  the  milk 
had  been  infected  by  typhoid  carriers  as  well  as  in  other  ways,  so 
that  the  total  percentage  of  cases  due  to  carrier  infection  (direct  or 
indirect)  is  probably  very  much  higher  than  9'5. 

Forster  (1908)  had  already  reported  the  figures  relative  to  the 
typhoid  cases  enquired  into  at  his  institute  in  Strassburg  during  the 
period  January,  1906,  to  end  of  June,  1907.  In  that  time 
386  cases  of  enteric  were  investigated,  and  77  of  these  (or  20  per 
cent.)  were  attributed  by  him  to  carrier  infection. 

The  following  table  shows,  as  regards  the  total  number  of  cases 
of  typhoid  fever,  the  proportions  in  which  infection  was  attributed 
to  carriers  and  to  contact  with  persons  suffering  from  the  fever 
respectively. 


Total 
cases  of 

Infection 

by 

Carriers. 

Per- 

Infection 
by  contact 

Per- 

Typhoid 
Fever. 

centage. 

with  the 
Sick. 

centage. 

1st  Quarter,  1906 

37 

8 

22 

3 

8 

2nd  Quarter,  190G 

62 

18 

29 

27 

44 

3rd  Quarter,  1900 

164 

17 

10 

58 

55 

4th  Quarter,  1906 

57 

17 

30 

9 

16 

1st  Quarter,  1907 

31 

8 

26 

7 

23 

2nd  Quarter,  1907 

35 

9 

26 

13 

37 

Total      

386 

77 

— 

117 

— 

The  percentage  of  cases  due  to  carriers  rose  as  high  as  30  in  one 
quarter,  and  tin;  average  for  the  18  months  under  review  worked 
out  at  20. 
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In  Forstcr's  view  this  perconta^'o  \h  probal)ly  too  low,  a.=<  it  is 
possible  that  many  of  the  small  water-  or  milk-H])rea(l  infeetions 
may  have  been  directly  due  to  some  carrier-focus  acting  only  for  a 
very  short  period. 

I  come  now  to  consider  the  statistics  for  the  whole  (campaign 
during  the  four  years  ending  31st  December,  1907.  The  figures  for 
1904,  1905  and  1906  are  given  by  Frosch  (1907).  During  that 
time,  as  I  have  already  observed,  there  were  6,708  typhoid  fever 
cases  of  whom  310  became  carriers  (144  transitory,  166  chronic). 
Of  these  6,708  infections,  215  were  in  all  probability  attributable 
to  carriers,  and  61  were  attributable  to  carriers  with  less  pro- 
bability,/.^.,  276  infections  or  4*11  per  cent,  of  the  total  number 
were  ascribed  to  carriers.  The  figures  for  the  year  1906  are, 
however,  the  only  ones  available  for  determining  the  relative 
shares  of  carrier  and  other  agencies  in  the  propagation  of  typhoid 
fever. 

In  1906  there  were  2,080  cases  of  enteric  fever,  and  in  978  the 
source  was  explained  (i,e.,  47*7  per  cent.).  Of  these  978  cases, 
642  were  attributed  to  contact  with  infectious  persons  (  =  28*5  per 
cent,  of  the  total  cases,  or  65*14  per  cent,  of  the  explained 
cases).  Included  in  the  explained  cases  are  104  in  which  it  was  an 
open  question  whether  direct  or  indirect  contact  was  involved. 
Adding  these  104  to  the  cases  definitely  attributed  to  contact  we 
get  a  total  of  746  (=  36*02  per  cent,  of  the  total  cases,  or  76*2  per 
cent,  of  the  explained  cases). 

232  infections  were  attributed  to  drinking  contaminated  water, 
contaminated  milk,  food-stufFs,  &c.  (=  11*15  per  cent,  of  total  or 
23*7  per  cent,  of  explained  cases). 

1*76  per  cent,  of  the  total  were  imported  cases. 

Of  the  642  contact  cases,  49  were  due  to  contact  with  carriers, 
=  2*35  per  cent,  of  total  cases,  or  5*01  per  cent,  of  the  ex])lained 
cases. 

Thus  about  one-fourteenth  of  all  contact  infections  were  due  to 
carriers,  while  the  remaining  thirteen-fourteenths  were  due  to 
ordinary  cases  of  typhoid  fever. 

Before  they  were  discovered  310  carriers  caused  228  infectious, 
=  3*4 1  per  cent,  of  all  cases,  while  after  their  discovery  and  the 
enforcement  of  requisite  precautions,  only  48  infections  arose  from 
them,  i.e.,  known  carriers  were  responsible  for  0*7  per  cent,  of  all 
infections. 

Klinger  (1909)  in  a  more  recent  report  gives  the  figures  up  to  the 
end  of  1907.  The  carriers  had  now  mounted  to  431  and  the  total 
number  of  infections  attributed  to  them  was  351,  viz.,  51  due  to 
transitory  carriers  and  300  due  to  chronic  carriers. 

These  numbers  appear  small  in  comparison  with  the  total  number 
of  typhoid  cases,  and,  if  cursorily  considered,  might  be  held  to  imply 
that  the  danger  from  carrier  infection  was  a  relatively  small  one, 
but  it  has  to  be  remembered  that  though  a  carrier  may  infect 
directly  or  indirectly  one  single  person,  the  latter  may  propagate 
the  infection  widely.  In  fact,  endemic  prevalences  of  typhoid  fever 
on  a  fairly  large  scale  have  in  the  last  resort  been  found  to  be  trace- 
able to  a  carrier  who  was  responsible  only  for  the  first  link  in  the 
chain, 
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In  the  foregoing  statistics  this  view  of  the  matter  is  not  taken  into 
consideration.     The  carrier  is  held  responsible  only  for  the  first  link. 

For  the  attainment  of  complete  statistics  on  the  sources  of  typhoid 
infection  it  is  necessary  that  the  epidemiologist  should  not  be  content 
to  stop  his  enquiries  at  the  point  where  he  has  been  able  to  demon- 
strate a  case  of  typhoid  fever  as  the  immediate  source  of  infection. 

These  considerations  have  been  insisted  upon  by  Schumacher 
(1909)  in  a  recent  report  on  endemic  typhoid  fever  at  Crov,  in  the 
district  of  Trier.  He  comments  on  the  fact  that  according  to 
Frosch's  collected  figui-es  only  47*4  per  cent  of  the  total  cases  were 
explained,  and  contends  that  the  percentage  of  cases  due  to  carriers 
would  probably  have  been  found  to  be  much  higher  had  the  investi- 
gations of  the  epidemiologist  and  the  bacteriologist  been  prosecuted 
with  greater  insistence.  The  bacteriological  work  carried  out  in 
connexion  with  endemic  typhoid  fever  at  Crov,  a  small  typhoid- 
ridden  village,  containing  about  1,750  inhabitants,  was  limited  only 
by  the  reluctance  exhibited  by  a  few  families  to  provide  material 
for  examination,  and  even  this  appears  to  have  been  successfully 
overcome.  It  is  impossible  here  to  detail  the  whole  course  of  the 
investigations.  The  original  paper  must  be  consulted  and  will  repay 
careful  study  as  it  is  fully  provided  with  charts  of  the  village 
showing  the  houses  in  which  cases  of  typhoid  fever  occurred  in  the 
different  years,  and  those  houses  in  which  carriers  were  resident.  I 
must  confine  myself  here  to  the  actual  statistics. 

During  the  period  1903-1908,  45  cases  in  all  occurred.  Of  this 
total  only  24,  i.e.^  51*1  per  cent  had  been  explained  by  previous 
enquiries.  As  the  result  of  the  extensive  bacteriological  work 
carried  out  by  Schumacher  in  the  village,  practically  all  the  45  cases 
received  adequate  explanation.  The  following  are  the  figures 
relating  to  the  different  modes  of  infection  : — 

Imported  cases...         ...     6  =  134  per  cent.    (Previous  enquiry    4). 

Contact     with     typhoid 

cases 20  =  44*4         „  (         „  „        20). 

Cases  in  which   it   was 

doubtful  whether  the 

infection    arose    from 

carriers     or     typhoid 

cases  ...         ...         ...     7  =  15*6         „  (         „  „         0). 

Contact  with  carriers  ...   12  =  26*6         „  (         „  „  0). 

Schumacher  says  that  "  the  discovery  of  the  chronic  carrier  gave 
the  key  to  the  explanation  of  endemic  typhoid  in  Crov."  The 
large  percentage  of  26*6  per  cent  is  in  striking  contrast  to  that  of 
Frosch  (quoted  above),  and  Schumacher  suggests  that  the  expla- 
nation of  the  discrepancy  is  to  be  found  in  the  following  considera- 
tions : — 

(«.)  The  proportion  of  explained  cases  depends  on  the  time  that 
can  be  spent  on  the  enquiry,  on  the  persistence  with  which  the 
bacteriological  work  can  be  carried  out,  and  finally  on  the  willing- 
ness of  the  people  concerned  to  supply  samples  for  examination.  In 
Crov  these  conditions  were  fully  satisfied,  whereas  the  collected  data 
of  Frosch  were  certainly  not  based  on  work  of  such  uniform  com- 
pleteness. 
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(/>.)  Tt  frequently  happens  that  the  responBi})le  carrier  cannot  he 
detected  till  some  considerable  period  has  elapsed,  and  when, 
possibly,  the  statistics  have  been  already  made  up. 

(c.)  The  statistics  only  take  account  of  the  fact  that  the  first  link 
in  a  chain  of  cases  was  attributable  to  a  particular  carrier,  whereas 
the  whole  chain  of  cases  should  really  be  put  to  the  charge  of  the 
carrier  if  the  importance  of  the  latter  is  to  be  rated  at  its  true 
value. 

If  in  the  figures  for  Crov  this  latter  consideration  was  taken  into 
account,  the  number  of  cases  directly  due  to  carriers  (viz.,  12) 
would  have  received  an  accession  of  eight  indirect  cases,  giving  a 
total  of  20,  i.e.,  44*4  per  cent.  These  additional  eight  cases  were 
due  to  infection  from  typhoid  cases  in  chains  started  by  carriers. 

I  close  this  chapter  with  the  data  collected  by  G.  Mayer  (1910), 
regarding  endemic  typhoid  fever  in  the  Bavarian  Pfalz.  The 
bacteriological  work  was  carried  out  apparently  in  the  most  com- 
plete manner,  and  to  Mayer  we  are  indebted  for  many  important 
and  elemental  facts  with  regard  to  intermittency  and  the  occurrence 
of  typhoid  bacilli  in  the  excreta  during  the  incubation  period.  In 
previous  chapters  many  of  these  data  have  been  referred  to.  Here 
I  give  Mayer's  figures  relative  to  the  infections  caused  by 
carriers  : — 


Site  of  Infection. 

Number 
of  In- 

Cases of 
Typhoid 

fective 
carriers. 

directly 
due  to 
these. 

In 
dwell- 
ings. 

Busi- 
ness. 

Bureau. 

Social 
Inter- 
course. 

School. 

Shops 
dealing 
in  food 
stuffs. 

1904  ... 

19 

63 

17 

1 

2 

3 

5 

4 

1905  ... 

12 

33 

12 

— 

2 

— 

2 

2 

1906  ... 

25 

43 

19 

— 

2      1 

3 

3 

1907  ... 

16 

21 

14 

— 

1 

1 

Total 

72 

160 

62 

1 

4 

5 

11 

1 

10 

During  this  period  there  was  a  total  of  495  endemic  cases,  for 
160  or  32*3  per  cent,  of  which  carriers  were  held  responsible.  As 
will  be  seen  this  figure  corresponds  fairly  closely  with  that  obtained 
by  Schumacher. 

With  regard  to  the  conditions  under  which  the  carriers  were 
infective,  the  table  shoAvs  that  the  great  majority  of  the  infections 
due  to  carriers  arose  in  the  domestic  circle,  while  the  school  and 
food  shops  (bakery,  dairy,  inns,  &c.)  constituted  a  good  second. 
In  Mayer's  view  the  unclean  hand  of  the  carrier  is  in  most  cases 
the  agent  which  transfers  infection  to  the  new  host. 
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CHAPTER  XIV. 


Immunity  Questions  in  Carriers. 

In  previous  chapters  incidental  references  have  been  made  to  the 
antibodies  demonstrable  in  the  serum  of  the  typhoid-carrier.  For 
diagnostic  purposes,  at  least,  the  agglutination  test  has  hitherto 
proved  of  most  service,  and  I  have  already  discussed  the  value  of 
this  reation  and  its  limitations  in  Chapter  XI. 

Here  I  propose  to  enter  a  little  more  fully  into  the  immunity  side 
of  the  carrier  question  in  so  far  as  the  recorded  facts  warrant. 

In  the  first  place  with  regard  to  the  agglutinins,  about  two-thirds 
to  three-quarters  of  all  chronic  carriers  give  a  well-marked  Widal 
reaction  (titre  of  1  in  100  or  at  least  1  in  50).  Some,  indeed,  have 
been  found  to  exhibit  a  very  high  agglutinin  content  (up  to  1  in  2,000 
or  higher),  but  such  high  titres  are  generally  associated  with  an 
intercurrent  acute  infection  or  auto-infection  such  as  cholecystitis. 

Owing  in  great  measure  to  the  reluctance  of  healthy  carriers  to 
furnish  specimens  of  serum  and  the  insufficient  facilities  for  work 
of  this  nature  in  institutions  where  carriers  are  isolated,  our  know- 
ledge of  the  variations  in  the  agglutinin-content  of  carrier-sera 
over  a  long  period,  is  very  deficient.  An  investigation  of  this 
matter  might  yield  results  of  great  value. 

With  regard  to  the  transitory  carrier  who  has  never  had  any 
obvious  symptoms  of  typhoid  fever  or  who  has  so  far  not  developed 
symptoms,  definite  statement  as  to  the  course  of  the  agglutinins 
cannot  yet  be  made.  We  know  that  typhoid  bacilli  may  be  excreted 
in  the  faeces  and  may  even  be  circulating  in  the  blood-stream  for 
some  considerable  time  before  the  agglutinins  make  their  appearance 
in  the  serum.  This  fact  may  explain  the  recorded  absence  of  a 
Widal  reaction  in  a  certain  proportion  of  transitory  carriers.  On 
the  other  hand,  a  development  of  agglutinins  has  been  observed  to 
occur  in  the  so-called  "  symptomless "  cases  of  typhoid  fever 
(Lentz,  Scheller,  already  cited),  who  are  found  to  discharge  bacilli 
for  very  short  periods.  It  is  important  to  remember  these  points 
in  those  cases  in  which  the  physician  has  a  positive  reaction  reported 
to  him,  which  however,  does  not  appear  to  be  associated  with  any 
definite  symptoms  of  the  disease.  Such  cases  undoubtedly  occur 
and  may  give  rise  to  considerable  scepticism  as  to  the  value  of  the 
Widal  test.  For  the  satisfaction  of  the  physician  and  the  bacterio- 
logist, an  attempt  should  always  be  made  to  examine  the  excreta 
in  view  of  the  possibility  of  such  cases  being  really  temporary 
carriers. 

I  have  already  discussed  certain  other  limitations  of  the  Widal 
test  in  carriers,  particularly  its  not  uncommon  occurrence  in  cases 
of  miliary  tuberculosis  which  do  not  exhibit  typhoidal  lesions  at 
autopsy.  In  this  type  of  case  the  excreta  should  always  be 
bacteriologically  examined,  especially  in  children,  in  whom  notoriously 
the  course  of  typhoid  may  be  atypical.  It  would  take  too  much 
space  to  enter  into  the  question  of  positive  Widal  results  either  in 
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typhoid-carriers  who  also  harbour  organisms  of  tlie  (lacrtncr- 
])aratyphoid  group  or  in  persons  infected  with  rneml)er8  of  this 
group  only.  The  presence  of  a  co-agglutinin  foi-  B.  ty[)hoHus  in 
the  serum  of  food-poisoning  cases  is  now  well  established,  though 
no  satisfactory  explanation  has  hitherto  been  given.  In  tliis 
monograph  I  have  purposely  avoided  the  discussion  of  mixed 
infections  (typhoid  with  paratyphoid,  &c.),  in  view  of  the  present 
unsettled  state  of  opinion  with  regard  to  the  etiological  impoi'tance 
of  this  latter  group. 

One  other  point  relating  to  the  agglutinins  in  carrier-sera  has  to 
be  observed.  The  serum  of  the  carrier  may  agglutinate  with  ease 
the  bacilli  of  a  laboratory  strain,  but  may  have  little  or  no  influence 
on  the  homologous  strain.  It  must  be  noted,  however,  that  the 
reaction  with  the  homologous  strain  may  occur  late,  the  velocity  of 
reaction  being  much  slower  than  with  the  stock  strain. 

Ledingham  (1908)  recorded  the  results  with  two  carrier-sera 
tested,  both  with  the  stock  strain  and  with  the  homologous  and 
other  carrier  strains.  One  of  them  gave  a  marked  reaction  with 
the  laboratory  strain  only,  but  with  the  homologous  sti-ain  and 
another  carrier  strain  there  was  merely  a  trace  of  agglutination 
after  nine  hours.  On  the  other  hand  another  carrier  serum  was 
able  to  agglutinate  with  equal  ease  all  three  strains.  Kennedy 
(1910)  records  similar  results. 

In  those  carriers  in  which  no  agglutination  of  the  homologous 
strain  takes  place,  one  cannot  assume  that  the  serum  contains  no 
suitable  receptors  of  any  kind  for  this  strain,  as  w^e  know  that  the 
serum  may  still  possess  a  high  opsonic  or  tropic  content  towards  the 
homologous  bacillus.  Further,  as  we  shall  see,  there  may  be  no 
agglutinins  in  the  serum  either  for  stock  or  homologous  strains  and 
yet  complement-deviating  bodies  may  be  demonstrable. 

The  influence  of  vaccination  (with  typhoid  vaccines)  on  the 
agglutinin-content  of  carrier-sera  varies  greatly.  In  one  case 
(Thomson  &  Ledingham  (1910)  )  the  titre  rose  from  less  than  1  in 
20  to  1  in  800  toAvards  the  stock  strain,  and  to  1  in  400  towards  the 
homologous  strain.  Recently,  however,  I  have  had  a  case  in  which 
the  agglutinins  remained  stationary  even  after  a  course  of  vaccina- 
tion with  the  patient's  own  strain.  Kennedy  (1910)  has  recently 
published  charts  showing  in  two  cases  either  no  change  or  only  a 
very  insignificant  rise  irithe  agglutinins,  and  in  one  case  a  stationary 
titre  followed  by  a  marked  rise  to  1  in  300  after  the  use  of  a 
specific  vaccine. 

Bactericidal  Substances, 

Observations  on  the  bactericidal  power  of  the  serum  of  carriers 
are  few,  and  these  go  to  show  that  little  or  no  variation  from  the 
normal  standard  occurs. 

On  two  occasions  (Ledingham  (1908))  I  have  tested  the  sera  of 
three  carriers  against  the  homologous  and  other  strains  (in  vitro 
tests).  The  sera  were  inactivated  and  complemented  with  fresh 
guinea-pig  serum.  Some  increase  in  the  bactericidal  power  of  the 
serum  was  found  over  that  of  the  control  serum,  but  the  differences 
appeared  to  depend  largely  on  variations  in  the  resistance  of  the 
strains  employed. 
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A  sufficient  quantity  of  serum  for  experiinents  of  this  nature  is 
not  readily  available.  Niepratschk  (vide  Chapter  VI.)  tested  by  the 
Pfeiffer  method  the  bactericidal  power  of  the  serum  of  his  urinary 
carrier.  The  virulence  of  the  carrier  strain  was  raised  by  passage 
through  the  guinea-pig  from  one-quarter  of  a  whole  agar-culture  to 
one-quarter  of  a  loop  (=  minimal  lethal  dose  for  guinea-pig  of 
250  gms.  by  intraperitoneal  inoculation).  With  this  strain  and  the 
carrier  serum  he  made  the  following  experiment : — 

Guinea-Pig.  Result. 


A. 

^  Ioop+1  ( 

[j.c.  of  1  in  200  dilution  of 

serum. 

Death  after  24  hours, 

B. 

i    „    +1 

„      1  „  100 

?> 

24     „ 

C. 

i    „    +1 

„      1  „    50 

)j 

24     „ 

D. 

i    „    +1 

„      1  „    25 

)) 

Lived. 

E. 

i    „    +1 

„      1  „     10 

5> 

)) 

F. 

}     „    without  serum 

... 

Death. 

The  bactericidal  titre,  therefore,  lay  between  '02  and  '04  and  was 
thus  very  low. 

Opsonic  Substances, 

Ledingham  (1908)  found  a  very  marked  increase  in  the  opsonic 
content  of  carrier-sera  towards  homologous  strains,  indices  of  4  to  9 
being  obtained.  Further,  this  opsonic  substance  disappeared  almost 
completely  on  inactivation  of  the  serum,  but  was  readily  restored  on 
complementing  with  fresh  normal  serum,  which  of  itself  had  little 
opsonic  value.  An  opsonic  amboceptor  was  thus  demonstrated  in 
carrier-sera. 

Gaehtgens  (1909)  examined  16  carrier-sera  and  found  in  all 
except  one  (an  intermittent  case)  a  marked  increase  in  the  opsonic 
content.  He  also  tested  the  sera  of  a  number  of  persons  who  had 
had  enteric  at  varying  periods  previously,  but  who  were  not  carriers. 
An  increase  of  opsonic  power  could  be  demonstrated  only  in  those 
whose  attack  dated  three  or  four  months  back. 

In  a  recent  communication  Kennedy  (1910)  has  reported  a  con- 
siderable increase  in  the  opsonic  content  of  carrier-sera.  During 
vaccination  a  further  steady  rise  takes  place,  which  may  not  be 
accompanied  by  any  definite  increase  in  the  agglutinin  content. 

Hamilton  (1910)  has  also  found  abnormal  opsonic  indices  in 
typhoid-carriers  and  recommends  the  opsonic  tests  in  the  preliminary 
search  for  carriers. 

Complement' Deviating  Substances, 

Schone  (1908)  investigated  this  question  in  three  carriers  and  in 
the  serum  of  two  of  these  he  was  able  to  demonstrate  quite  definitely 
the  presence  of  complement  fixing-bodies.  One  of  my  colleagues — 
Henderson-Smith — (experiments  not  yet  published)  has  also  been 
successful  in  demonstrating  these  substances  in  the  sera  of  two 
untreated  typhoid-carriers,  both  of  whom  gave  completely  negative 
Widal  reactions. 

In  concluding  this  chapter  one  feels  compelled  to  admit  that 
specific  antibodies  for  the  typhoid  bacillus  do  pass  over  into  the 
general  blood  stream  in  typhoid-carriers,  although  the  vegetative 
foci   may  be   considered    to    be    in    great   measure  shut  off  from 
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Or  even,  as  some  would  suggest,  entirely  outside,  the  influence 
of  the  general  circulation.  The  "  local  immunity  "  the<jry  of 
Wassermann  and  Citron  (1905)  can  only,  therefore,  afford  a  partial 
explanation  of  the  prolonged  vegetation  of  the  typhoid  bacillus  in 
the  gall-bladder  and  biliary  tracts.  Much  work  yet  remains  to  be 
done  on  the  immunity  aspect  of  the  carrier  question. 


CHAPTER  XV. 


Various  Measures   either   Employed   or  Suggested  to 
Diminish  the  Spread  of  Infection  by  Carriers. 

In  this  concluding  chapter  I  propose  to  discuss  briefly  the 
various  precautions  which  have  been  adopted  or  recommended  by 
sanitary  authorities  and  others  in  order  to  reduce  as  far  as  possible 
the  risk  of  infection  from  carriers.  Pending  the  discovery  of  some 
efficient  mode  of  therapy,  all  attempts  to  cope  with  this  danger  by 
sanitary  measures  are  worthy  of  the  most  serious  consideration  at 
the  present  time.  Obviously  the  first  step  is  the  adoption  of  some 
form  of  routine  bactei-iological  examination  during  convalescence, 
and  in  previous  chapters  I  have  sufficiently  alluded  to  the  practice 
in  vogue  at  the  typhoid  stations  in  Germany  and  elsewhere,  and  to 
the  drawbacks  from  which  practically  every  stereotyped  routine 
must  suffer,  owing  to  intermittency,  imperfection  of  bacteriological 
method,  or  both.  Still  there  is  no  doubt  that  much  good  can  be 
accomplished  by  the  early  recognition  of  carriers,  and  experience 
has  shown  that  the  longer  the  duration  of  bacteriological  supervision 
the  less  is  the  risk  of  overlooking  the  intermittent  carrier.  Monthly 
examinations  of  the  excreta  of  all  convalescents  for  a  period  of  one 
year  would  probably  suffice,  but  in  view  of  the  great  practical 
difficulties  that  such  a  scheme  would  involve,  I  do  not  propose  to 
discuss  it  here. 

Otto  Mayer  (1909)  has  suggested  in  a  recent  paper  the  foundation 
of  Convalescent  Homes  for  recovered  typhoid  cases.  In  such 
homes  the  convalescent  who  is  still  excreting  the  specific  bacilli 
on  discharge  from  hospital  would  be  retained.  By  suitable 
treatment,  dietetic  and  otherwise,  by  gymnastic  exercises,  &c., 
efforts  would  be  made  to  encourage  the  physiological  excretion  of 
typhoid  bacilli  until  possibly  complete  cessation  resulted.  Whereas 
many  convalescents  are  compelled  to  resume  their  active  duties 
at  a  far  too  early  stage,  when  consequently  the  natural  recupera- 
tive powers  of  the  organism  do  not  get  an  opportunity  of  throwing 
off  an  infection  that  is  tending  to  become  indolent,  in  the  Convales- 
cent Home  every  opportunity  would  be  afforded  to  the  bactericidal 
and  antitoxic  powers  of  the  organism,  of  exercising  their  full  effect. 
Full  and  accurate  statistics  would  be  kept  regarding  the  duration 
and  severity  of  the  disease,  the  diet  employed  in  convalescence  and 
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in  the  home,  the  muscular  power  of  the  patient  and  the  bacterio- 
logical results.  Such  statistics  would  later  prove  of  great  value 
in  deciding  the  influence  exerted  by  the  treatment  during  conva- 
lescence on  the  carrier-output. 

There  is  no  doubt  that  such  institutions  would  prove  of  service 
in  many  ways.  The  patients  that  would  ultimately  have  to  be 
discharged  in  a  potentially  infective  condition  Avould  be  accurately 
instructed  as  to  the  precautions  they  should  take  on  their  return  to 
civil  life.  This  of  itself  would  be  a  great  gain,  as  the  difficulty 
of  impressing  on  unintelligent  carriers  the  necessity  of  taking 
strict  precautions  as  to  disinfection  has  proved  a  serious  stumbling 
block. 

In  institutions  such  as  lunatic  asylums  the  problem  of  dealing 
with  chronic  carriers  who  are  also  chronic  lunatics  is  solved  by  the 
simple  and  successful  expedient  of  isolation  (see  Chapter  V.).  This 
measure,  however,  may  prove  an  expensive  one,  especially  in  the 
case  of  small  institutions,  as  it  may  involve  the  upkeep  of  an 
isolation  block  with  special  attendants  for  a  period  coincident  with 
the  life  of  the  patient. 

Grimme  (1908)  has  stated  that  prolonged  isolation  is  unfavour- 
able to  the  patient,  as  little  or  no  intercourse  is  possible  and  the 
patients  themselves  do  not  see  the  necessity  for  the  detention. 
This  may  certainly  be  true  in  some  cases,  but  so  far  as  the  asylum 
cases  that  I  have  had  under  bacteriological  supervision  for  two  and 
a-half  years  are  concerned,  I  am  informed  that  isolation  has  had  no 
prejudicial  effect.  It  may  be  otherwise  with  acute  lunatics  who  are 
carriers. 

Every  new  patient,  on  entrance  into  the  asylum,  should  be 
examined  bacteriologically. 

In  the  Army,  measures  have  already  been  taken  for  dealing  with 
known  carriers.  If,  after  a  course  of  therapeutic  treatment  the 
carrier-condition  persists,  the  soldier  is  discharged  from  service 
with  or  without  a  pension  according  as  he  agrees  or  not  to  the 
notification  on  his  discharge-sheet,  that  he  is  a  chronic  typhoid- 
carrier.  Drastic  steps  have  also  been  taken  to  prevent  the  employ- 
ment of  regimental  cooks  who  may  happen  to  be  carriers.  The 
following  "  Standing  Orders  "  for  the  Military  Medical  Services  in 
India,  1908,  I  quote  from  a  recent  paper  by  Carmichael  (1910), 
who  enters  a  plea  for  the  registration  of  typhoid-carriers  in  the 
army  : — 

"  Ko   man   who   has   recently    suffered   from    enteric   fever 

should  be  so  employed  (whose  duties  entail  the  handling  of 

food  intended   for    British   troops,  in    kitchens.    Officers'  and 

N.C.O.'s  messes,  regimental  and  other  institutions  and  clubs, 

government  and  regimental   dairies,    bakeries,  mineral    water 

factories,  &c.)  until  it  has  been  placed  beyond  all  doubt,  by 

repeated  bacteriological  examinations  of  faices  and  urine  that 

he  no  longer  harbours  the   Bac.  typhosus.      In    cases   where 

means  for  carrying  out  such  examinations  are  not  available 

these  men  must  not  be  employed." 

Carmichael  would  propose  the  addition  of  this  order  to  the  Home 

Regulations  with  the  wording  "  who  has  recently  "  altered  to  "  who 

has  ever." 
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At  the  Fleetwood  station,  Carmicliael  allows  no  man  wlio  is 
known  to  have  suffered  from  ent(;i'i(;  fevcn*  to  be  employcfl  eitlici-  in 
the  kitchen  or  as  orderly  man.  Certainly  where  faf^litics  are  not 
available  for  determining  whether  men  who  have  had  enteric  fevo-, 
are  carriers  or  not,  this  plan  may  bo  usefully  adopted,  but  it  docs 
not  exclude  the  risk  of  employing  men  whose  primary  infection 
may  have  been  so  slight  as  to  remain  unrecognised  and  who  may 
quite  possibly  be  chronic  carriers. 

Semple  and  Greig  (1908),  in  the  Indian  Army  advise  the  carcfjil 
bacteriological  examination  of  all  men  (Europeans  and  natives) 
before  permitting  them  to  be  employed  in  connexion  with  the 
preparation  and  distribution  of  articles  of  food  and  drink. 

In  the  civil  population  the  problem  of  dealing  effectively  with 
carriers  revealed  in  the  course  of  enquiries  into  occurrences  of 
enteric  fever  presents  difficulties  which  only  the  future  can  solve. 
At  present  much  good  is  being  done  in  south-Avest  Germany  and 
elsewhere  by  retaining  all  carriers  under  bacteriological  supervision, 
by  giving  suitable  instruction  with  regard  to  disinfection  of  their 
excreta  and  their  persons  (particularly  their  hands),  and  by  oral 
and  verbal  advice  as  to  the  occupations  they  should  avoid.  A 
useful  series  of  "  Standing  Orders  "  employed  in  the  Pfalz  stations, 
accompanies  a  recent  paper  by  Mayer,  G.  (1910).  Of  one  of  these, 
dealing  with  typhoid-carriers  and  convalescents,  I  give  a  translation. 
It  has  been  in  force  since  1904. 

1.  Typhoid  carriers  and  clinically  cured  cases  are  retained  under 
bacteriological  supervision  until  a  bacteriological  cure  results. 

2.  So  long  as  they  discharge  bacilli,  the  official  disinfecters  carry 
out  or  supervise  the  continual  disinfection  of  privies  used  by  them 
with  milk  of  lime. 

3.  In  the  case  of  school  children,  workers  in  factories  and  such 
like,  teachers,  officials  in  state  and  private  bureaus,  these  may  carry 
on  their  respective  duties  provided  that  the  schools,  factories,  &c., 
are  provided  with  suitable  wash-basins  and  soap.  On  commencing 
duty  and  on  every  occasion  when  the  privy  or  urinal  is  visited,  the 
hands  must  be  cleansed. 

4.  In  dwellings  the  disinfection  of  privies  and  urinals  is  systema- 
tically carried  out  by  the  official  disinfecters  (with  milk  of  lime). 

5.  Typhoid  carriers  are  to  be  restrained  from  the  preparation 
and  sale  of  food  stuffs. 

Instructive  pamphlets  are  also  issued  to  every  newly-discovered 
carrier.  The  following  is  a  free  translation  of  that  issued  to 
carriers  by  the  typhoid  station  at  Strassburg  (quoted  from  Gachtgens 
(1910)). 

Veriialtungs-Massregeln  fur  Typhusbazillentrager. 

{Instructions  for  Typlwid-carricrs.) 

1.  Typhoid  fever  in  its  severest  form  runs  the  course  of  a 
nervous  fever.  In  its  slighter  forms  it  is  accompanied  by  diarrho^al 
symptoms,  but  frequently  the  symptoms  of  the  disease  are  scarcely 
noticeable. 
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It  Is  caused  by  a  specific  bacillus — the  typhoid  bacillus. 

2.  The  typhoid-patient  harbours  the  typhoid-bacilli  in  his  body, 
and  discharges  them  during  the  disease  with  the  stools  and  urine. 

3.  Some  persons  may  continue  to  discharge  typhoid-bacilli  in  the 
faeces  for  months  or  years  after  convalescence,  or  even  although 
there  has  been  no  obvious  primary  attack.  These  persons  are  called 
typhoid-carriers. 

4.  Typhoid-carriers  suffer  as  a  rule  from  gall-bladder  troubles* 
which  give  rise  to  transitory  colic,  jaundice  and  gall-stones,  but 
frequently  these  symptoms  are  not  present. 

5.  Carriers  may  infect  other  persons  with  typhoid  fever  just  as 
typhoid-patients  do. 

6.  Infection  occurs  most  frequently  by  the  hands,  which  are 
readily  contaminated  with  typhoid  bacilli  during  defaecation  and 
urination.  Infection  may  also  be  spread  by  soiled  body-  and 
bed-linen. 

7.  The  bacilli  get  transferred  from  the  unclean  hands  to  other 
persons  either  by  direct  contact  or  by  indirect  contact,  e.g.^  with 
food-stuffs  and  various  objects  used  by  other  persons. 

8.  It  is  possible  for  typhoid-carriers  to  reinfect  themselves.  In 
such  cases  one  may  expect  an  aggravation  of  the  already  existing 
gall-bladder  troubles. 

9.  Carriers  may  avoid  infecting  other  persons  or  themselves  by 
the  following  precautions  ; — 

{a.)  The  carrier  must  always  exercise  the  greatest  cleanliness. 

{h.)  Hands  should  be  thoroughly  washed  on  getting  up  in  the 
morning,  before  every  meal,  and  before  touching  food  or 
drink  (especially  milk). 

(c.)  The  carrier  must,  after  using  the  water-closet,  cleanse  the 
hands  thoroughly  with  soap  and  water  or  with  a  dis- 
infectant. There  should  always  be  a  sufficient  quantity 
of  closet-paper  in  the  water-closet. 

{d.)  The  carrier  must  have  his  own  towel,  which  no  one  else 
may  use. 

{e,)  The  carrier's  dirty  body-  and  bed-linen  should,  before 
washing,  be  dipped  in  cresol-water  (two  tablespoonfuls 
of  cresol-soap  solution  to  one  litre  of  water). 

(/.)  The  carrier  should,  as  far  as  possible,  avoid  taking  part  in 
the  actual  preparation  of  food  or  in  its  sale. 

10.  It  is  to  the  carrier's  own  interest  that  he  or  she  should  send, 
about  once  a  month,  a  specimen  of  the  stools  and  of  the  urine  to  the 
Bacteriological  Institute  at  Strassburg  in  order  that  it  may  be 
determined  whether  the  excreta  still  contain  typhoid  bacilli.  The 
examination  is  done  gratis.  Suitable  vessels  for  the  reception  of 
excreta  are  sent  post-free  from  the  Institute. 

11.  The  Institute  is  very  pleased  to  give  advice  regarding  the 
disinfectant  to  be  used  by  carriers. 

12.  The  precautions  advised  above  are  absolutely  indispensable* 
and  it  is  morally  incumbent  on  carriers  to  adhere  to  them  in  order 
to  avoid  infecting  other  people. 
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Davics  iiiid  Wallvor-[Iall  (1908),  of  Bristol,  have;  alHO  issued  a 
pamphlet  containing  instructions  which,  tlicy  suggest,  sliould  be 
given  to  typhoid  convalescents.     These  are  reproduced  here  : — 

Suggested  Instructions  to  TrpnoiD  Convalescents. 

(  To  he  handed  to  Patients  when  Discharged  from  Hospital.) 

Typhoid  fever  is  caused  by  a  germ  (the  typhoid  baciHus)  which 
enter  the  body  in  food  or  drink  or  swallowed  dust.  When  the 
convalescent  stage  is  reached,  the  germ  may  remain  in  the  intestines 
and  cause  relapses  of  the  disease.  Sometimes  the  germ  remains 
permanently  in  the  intestines,  and  may  cause  a  return  of  the  disease 
many  years  after  the  first  attack.  The  germ  may  also  induce  the 
formation  of  gall-stones.  Thus  it  is  evident  that  the  contents  of  the 
intestine  of  the  typhoid  convalescent  are  infective,  and  that  the 
convalescent  may  be  the  unconscious  means  of  transmitting  the 
disease  to  his,  or  her,  own  family  or  friends.  Cooks,  male  or 
female,  dairymen  or  dairywomen,  milk-vendors,  greengrocers, 
butchers,  fishmongers,  provision  dealers,  workers  in  cocoa,  chocolate, 
or  confectionery,  waiters  and  waitresses,  and  the  mother  who  pre- 
pares food  for  the  family,  form  a  class  of  convalescents  in  which 
the  opportunities  of  transmission  of  the  disease  are  very  frequent. 
The  following  provisional  rules  are  suggested  with  a  view  to 
diminish  the  risk  of  infection  : — 

1.  The  hands  and  nails  should  be  thoroughly  washed,  first  in 
disinfectant  solution,  then  in  soap  and  water,  and  well  rinsed  before 
touching  any  foodstuffs,  especially  milk. 

2.  After  the  bowels  are  opened  or  the  bladder  is  emptied,  the 
hands  and  nails  should  be  at  once  disinfected  and  washed. 

3.  Strong  disinfecting  solution  should  be  poured  over  the  stools, 
&c.,  before  the  plug  of  the  water-closet  is  used  or  the  lid  of  the 
dry  closet  is  shut  down. 

4.  When  the  motions  are  loose  the  risk  of  infection  is  increased 
and  additional  care  should  be  taken. 

5.  The  convalescent  should  periodically  visit  the  medical  attendant, 
so  that  the  blood,  &c.,  may  be  tested,  and  measures  may  be  taken 
to  control  the  action  of  the  germs.  As  there  is  generally  no  need 
to  deal  with  the  drains,  or  to  disinfect  rooms  or  houses  for  these 
special  cases,  no  upset  of  the  domestic  arrangements  is  necessary. 

6.  In  the  household  where  a  patient  is  convalescing  from  typhoid 
fever,  the  additional  precautions  of  boiling  all  the  milk  or  water 
used  for  drinking  or  in  the  preparation  of  food  shoidd  be  under- 
taken, and  uncooked  foods  should  be  avoided. 

There  is  no  doubt  that  much  good  has  already  been  accomplished 
by  instructing  typhoid-carriers  in  proper  methods  of  disinfection, 
and  it  is  on  the  disinfection  of  the  hands  that  chief  stress  must  be 
laid.  Gaehtgens  (1910)  has  performed  an  interesting  series  of 
experiments  designed  to  determine  the  most  efficient  and  at  the  same 
time  the  least  irksome  method  of  cleansing  the  hands  of  typhoid- 
carriers.  He  smeared  the  hands  and  fingers  with  fa?ces  containing 
typhoid  bacilli,  and  determined  the  relative  disinfectant  vahies  of 
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mechanical  washing,  with  and  without  disinfectants,  and  followed  or 
not  followed  bj  thorough  drying.  He  found  that  washing  with  soap 
and  water  alone,  without  subsequent  drying  of  the  hands,  caused  a 
marked  fall  in  the  number  of  B.  coli  and  B.  typhosus,  especially  of 
the  former.  If,  however,  the  hands  were  dried  thoroughly  after 
removal  of  the  soap  in  running  water,  subsequent  cultivation 
frequently  showed  a  complete  disappearance  of  B.  coli  and 
B.  typhosus. 

For  those  carriers,  therefore,  who  are  not  specially  engaged  in 
handling  food-stufFs,  the  mechanical  cleansing  of  the  hands  with 
soap  and  water  and  subsequent  drying  affords  a  tolerably  complete 
protection.  For  those  carriers  on  the  other  hand,  whose  occupation 
entails  the  handling  of  such  material,  it  is  advisable  to  employ  an 
antiseptic  after  the  ordinary  washing  and  drying  process  in  order 
to  ensure  complete  removal  of  any  typhoid  germs  still  clinging  to 
the  hands.  For  this  purpose  Graehtgens  found  that  the  most  satis- 
factory disinfectant  was  alcohol  either  in  the  form  of  eau- de- 
cologne  or  spirits  of  wine. 
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DYSENTERY    CA^RRIERS. 

Being  a  Paper  rea  I-  in  the  Section  of  Bacteriology  at  the  Ajinual  Meeting 
0/  the  British  Medical  Association,  London,  July,  1010. 

By  G.  H.  K   Macalistbr,  M.D.,  D.P.H., 


Epidemics  of  bacillary  dysentery  in  this  country  are  at  the 
present  time  limited  almost  entirely  to  the  precincts  of 
lunatic  asylums  and  such  institutions,  although  sporadic 
cases,  often  unrecognized,  occur  aleo  among  the  general 
population.  The  nature  of  these  endemics  is  of  a  type 
only  too  well  known  to  the  officers  io  charge.  Infection  is 
everywhere,  and  most  of  the  inmates  become  attacked 
sooner  or  later.  There  appears,  however,  to  be  a  species 
of  natural  immunity  which  protects  the  robust — members 
of  the  staff,  for  example — but  this  may  be  overcome  by 
a  big  dose  of  infection. 

Epidemics  may  be  due  to  the  presence  of  either  the 
Shiga  or  the  Flexner  bacillus.  At  times,  moreover,  the 
two  types  may  occur  side  by  side  in  one  epidemic.  Out- 
breaks due  to  infection  with  the  Y  bacillus  occur  in 
Germany,  characterized  by  a  relatively  high  proportion  of 
chronic  cases  The  particular  epidemic  that  I  have  studied, 
with  which  I  propose  to  deal  presently,  owes  its  origin  and 
maintenance  to  the  Flexner  bacillus,  but  in  a  small  pro- 
portion of  cases,  indistinguishable  by  clinical  means  from 
the  majority,  other  organisms,  such  as  B.  pyocyaneus, 
Morgan's  bacillus  No.  1,  B.  proteus  vulgaris  have  been 
found  alone — instances,  perhaps,  of  secondary  infections. 

The  nature  of  dysentery  outbreaks  is  such  as  to  suggest 
that  the  disease  is  propagated  by  contagion,  direct  or 
indirect,  from  person  to  person  They  lack  the  explosive 
character  of  water  or  milk  epidemics  The  course  of 
the  outbreak  bears  a  strong  resemblance  to  that  ot  other 
diseases  in  which  carriers  have  been  8hown  to  constitute 
a  prominent  etiological  factor.  Particular  incidents  in 
the  history  of  a  number  of  dysentery  epidemics  supply 
evidence  which  indicates  that  here,  too,  carriers  may  be 
of  great  importance 

Carriers,  in  the  widest  sense,  may  be  distributed  into 
two  great  classes  The  first  class  consists  of  healthy 
persons  who  have  never  suffered  from  thn  disease,  and 
show  no  signs  of  ill  health,  but  nevertheless  harbour  and 
scatter  the  specific  organism.  Those,  on  the  other  hand, 
who  make  up  the  second  clsss,  are  persons  who  have  had 
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the  disease,  and  are  thereafter  unable  completely  to 
eliminate  infection.  Their  after-history  is  chequered  by 
minor  distarbances  of  health,  and  by  intermittent  libera- 
tions of  the  specific  bacterium. 

Cases  of  the  first  type,  in  the  instance  of  dysentery,  are 
rare,  and  probably  unimportant.  Conradi  recovered  the 
bacillus  fro 00  five  healthy  children,  all  of  whom  had,  ho«v- 
ever,  been  living  in  the  midst  of  infected  adults.  Two 
similar  cases,  also  in  children,  are  reported  by  Collins. 
Otto  Mayer,  while  investigating  an  epidemic  of  pseudo- 
dysentery,  found  a  relatively  larger  number  of  healthy 
carriers,  but  of  these  persons  at  least  one  developed  the 
disease  after  isolation.  I  have  not  been  able  to  find  a 
single  case  of  this  type.  As  regards  convalescent  carriers, 
I  am  unwilling  to  dogmatize  prematurely,  but  my  ex- 
perience appears  to  go  far  in  confirming  the  view  that,  as 
agents  in  the  spread  of  dysentery,  the  importance  of  this 
class  cannot  well  be  over- estimated. 

During  the  past  half  year  [  have  had  the  opportunity  of 
studying  an  epidemic  occurring  at  a  large  lunatic  asylum 
in  the  Midlands,  and  t  am  glad  to  have  this  opportunity 
of  expressing  my  thanks  to  the  medical  superintendent 
for  placing  the  material  at  my  disposal.  As  the  disease 
has  been  prevalent  for  a  number  of  years,  it  has  been 
possible  to  obtain  specimens  from  patients  at  all  periods — 
some  during  or  shortly  after  attack,  others  after  widely 
varying  periods  of  freedom  from  disease.  A  rise  in  the 
number  of  cases  took  place  during  April,  and  in  con- 
sequence it  has  been  possible  to  make  a  particular  study  of 
these  persons  during  early  convalescence. 

From  120  inmates  I  have  received  about  200  specimens 
of  faeces  to  examine  bacteriologically.  Concurrently, 
agglutination  tests  were  performed  upon  a  rather  smaller 
number  of  serums  from  the  same  persons.  After  a  short 
account  of  the  results  of  this  work  I  propose  to  attempt 
a  classification  of  cases  and  an  estimation  of  the  number 
of  potential  carriers. 

The  methods  pursued  have  been  of  a  simple  and  stereotyped 
nature.  In  dealing  with  faeces,  a  loopful  was  plated  upon 
MacConkey's  lactose  neutral-red  bile-silt  agar.  From  these 
plates,  after  incubation,  suspected  colourless  colonies  were 
picked  off  into  mannite  peptone  water.  Cultivations  that 
showed  an  acid  reaction  in  this  medium  were  tested  for  a 
further  series  of  sugar-fermentation  reactions.  Complete 
identity  was  established  by  testing  the  degree  of  agglutinability 
of  organisms  with  a  Flexner-rabbit  serum  of  high  potency. 

In  order  to  select  a  suitable  portion  of  a  sample  for  plating  it 
was  necessary  in  some  cases  to  spread  the  material  in  a  sterile 
dish.  Mucus  was  taken  if  possible,  as  this  is  the  most  usual 
habitat  of  the  bacillus.  Second  or  third  platings  were  per- 
formed before  a  negative  result  was  recorded,  but  even  so, 
negative  results  are  far  less  certain  than  positive.  A  minute 
portion  only  of  a  small  sample  of  a  single  stool  is  examined, 
and  thus  much  territory  must  be  left  unexplored. 

Twenty  eight  specimens  from  acute  cases  gave  13 
positive  results  Among  the  remaming  15  negative 
samples  there  were  7  from  which  some  other  pathogenic 
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form  was  isolated,  which  may  have  masked  or  replaced 
the  primary  infection.  D  pyocyaneus,  for  example,  was 
ob(;ained  three  times.  As  a  rule,  the  Floxncr  bacillus  was 
isolated  readily  from  typical  acute  dysenteric  stools  con- 
taininj4  mucus  and  blood.  With  disappearance  of  blood 
and  diminution  of  mucus  the  proportion  of  positive 
findings  diminished  greatly.  Almost  invariably  the 
bacillus  could  no  longer  be  recovered  from  stools  after 
complete  return  to  the  normal  faecal  tjpe.  The  table 
below  shows  the  condition  of  affairs  in  the  April  and  May 
cases  where  it  has  been  possible  to  make  repeated  obeer- 
vatioDS  during  early  convalescence. 


First 
Week. 

Second 
Week. 

Third 
Week 

Fourth 
Week 

Second   Third 
Month.  Month. 

Percentage  of  samples 
from  which  Flex- 
ner's  bacillus  was 
recove  red 

Percentage  of  cases 
suffering  from  defi- 
nite clinical  attack 

67 
100 

33 
23 

25 
8 

16 
4 

20            0 
1             0 

These  figures  show  that  clinical  convalescence  is  in 
advance  of  that  determined  by  bacteriological  examina- 
tion 

The  difficulty  of  proving  a  complete  negative  by  these 
bacteriological  methods  gives  an  added  importance  to 
agglutination  results. 

The  strain  of  Flexner  bacillus  used  for  this  purpose  was  one 
isolated  from  the  earliest  positive  case  examined.  The  dilutions 
of  serum  investigated  ranged  from  1  in  25  to  1  in  400.  Micro- 
scopic methods  were  employed  throughout.  Complete  clumping 
in  dilution  of  1  in  100  was  regarded  as  positive,  but  lower 
dilutions  were  in  general  disregarded. 

Twenty -five  serums  from  acute  cases  gave  seventeen 
positive  results.  Four  of  the  remaining  eight  negative 
samples  were  obtained  at  the  very  commencement  of  the 
attack — that  is  to  say,  before  the  development  of  specific 
agglutinins. 


Positive 
Agglutinations. 

Negative 
Agglutinations. 

During  attack      

After  6  months     

6  months  to  1  year         

1  to  3  years           

3  to  5  years 

5  to  8  years           

17 
5 
7 

12 
4 
1 

8 
6 
6 
12 
5 
4 

This  table  shows  that  while  in  many  cases  agglutination  no 
longer  occurs  a  few  months  after  an  attack,  there  is  a  very  large 
number  in  which,  even  after  a  lapse  of  years,  the  serum  retains 
the  power  of  clumping  in  high  dilutions. 


Examination  of  serums  obtained  from  persons  during 
quiescent  seasons  showed  that,  unlike  tjphoid,  there  is  no 
detiuiC'e  time  limit  for  the  disappearance  of  specific 
agtilutinios  after  termination  of  an  attack. 

UnsU|jported  by  other  evidencH,  persistence  of  agglutina- 
tion must  not  be  thought  invariably  to  connote  persistence 
of  infection.  The  problem  is  more  complex  than  this.  On 
the  other  hand,  in  the  presence  of  such  residual  a;jglutina- 
tions  it  is  difficult  to  prove  that  these  cases  no  longer 
contain  an  infective  focus.  Moreover,  when  the  history  of 
such  persons  is  chequered  by  periodic  disturbances  of 
health,  amounting  often  to  definite  relapses,  the  pre- 
sumptive evidence  in  favour  of  the  existence  of  such  a 
focus  becomes  very  strong.  This  gives  such  an  importance 
to  residual  cases  that  it  becomes  necessary,  before  pro- 
ceeding to  classification,  to  consider  them  in  detail. 

A  review  of  the  clinical  features  of  the  whole  series 
shows  that  persons  who  recover  completely  from  acute 
dysentery  possess  considerable  powers  of  resistance  to 
further  infections  In  the  rare  cases  where  such  persons 
yield  to  a  fresh  infection  from  without,  the  second  attack 
is  acute  and  pursues  a  similar  course  to  the  primary  attack. 

In  relapsing  cases,  in  which  it  is  supposed  that  further 
infections  come  from  within,  the  history  is  different.  That 
convalescence  from  the  primary  acute  illness  is  incomplete 
is  shown  first,  by  the  persistence  of  a  high  agglutination 
figure;  and  secondly,  by  the  continued  presence  in  the 
faeces  of  mucus,  albeit  in  greatly  varying  degree.  Further 
attacks  are  subacute,  and  may  possibly  last  for  no  longer 
than  a  single  day,  but  sometimes  they  may  be  intractable 
and  continue  for  relatively  long  periods.  Attacks  may  be 
determined  by  circumstances  which  lower  the  general 
resistance.  Cold,  bad  weather,  and  particularly  unsound 
food,  are  the  most  obvious  exciting  factors.  The  serier 
contains  records  of  twenty  four  occasions  upon  which 
unsuitable  diet  provoked  a  relapse.  In  rare  cases  returns 
of  the  disease  become  frequent  and  protracted,  and  the 
illness  assumes  a  chronic  form.  But  this  is  rare  in  the 
case  of  Flexner  dysentery. 

It  is  not  yet  possible  to  dogmatize  as  to  the  site  of  such 
persistent  infective  foci,  but  in  analogous  cases  of  infection 
with  the  Y  bacillus — where,  however,  the  disease  is  of  a 
more  chronic  type — rectal  ulcers  have  been  seen  with  the 
rectoscope.  If  the  focus  be  in  the  intestinal  wall,  it  is 
probable  that  bacilli  are  in  fact  constantly  being  passed 
out.  During  quiescence,  when  the  motions  are  well 
formed  and  the  amount  of  bacteria  very  small,  the  danger 
of  infecting  others  is  negligible,  even  apart  from  any 
possibility  of  diminution  in  virulence  or  toxicity— a  point 
not  yet  worked  out.  But  at  times,  apart  from  recognized 
attacks,  there  may  occur  minor  disturbances — manifested, 
it  may  be,  by  a  single  stool  rich  in  mucus — which  may 
escape  the  notice  of  both  patient  and  attendant,  and 
consequently  become  a  fertile  source  of  infection.  The 
system  of  classification  depends  upon  the  completeness  of 
convalescence    after  the  primary   attack.     Recent  cases 


which  have  not  been  under  observation  for  a  sufficiently 
long  period  are  not  included  in  the  following  table : 


Blale. 

Female. 

Total. 

20 
9 

23 
7 

43 
16 

4 

15 
2 

1 

Per- 
centages. 


1.  Complete  recovery      20  23  43  53.7 

2.  Single  attack,  but  a^glutlna-  9  7  16  20 

tion  remains  hiKh ;  stools 
usually  contain  a  trace  of 
mucus 

3.  Relapsing  cases  -,  x^  aj  .  «,  „c « 

4.  Chronic  cases —        1         2  2/^1       ^'^ 


The  first  group  contains  persons  who  after  the  primary 
attack  return  to  normal  health  and  are  for  a  seaBon 
immune  against  fresh  invasions.  Members  of  asylum 
staffs  and  the  more  robust  inmates  come  under  this 
heading. 

The  second  group  is  made  up  of  those  cases  whose 
complete  recovery  is  only  discounted  by  the  continuance 
of  agglutination,  and  by  the  presence  of  small  quantities 
of  mucus  in  the  faeces  They  do  not  relapse.  Possibly 
they  harbour  infection  somewhere,  but  further  evidence  is 
required  to  secure  conviction.  A.dministration  of  a  simple 
purgative  might  perhaps  determine  the  elimination  of 
bacteria. 

Types  of  Cases. 

Group  II.— G.  R.,  male,  aged  55.  Attack  April  11th,  1905, 
lasting  three  days.  Result  of  examination  January  25th,  1910  : 
Faeces  negative  ;  agglutination  positive  (^hs). 

Group  III. — F.  H.,  female,  aged  24.  Five  attacks  between 
June  29th,  1906,  and  January  9th,  1910.  Result  of  examination 
February  3rd,  1910:  Faeces  positive  ;  agglutination  positive. 

Group  III.— J.  A  S.,  female,  aged  37.  Four  attacks  between 
September  16th,  1903,  and  April  2ad,  1909  ;  two  attacks  provoked 
by  food.  Result  of  examination  February  Ist,  1910 :  Faeces 
negative  ;  agglutination  positive  (jj^). 

The  third  group  cootaina  relapsing  and  chronic  cases, 
whose  nature  has  already  been  described  To  define  the 
position  of  these  three  groups  with  regard  to  the  question 
of  potential  carriage,  the  language  of  Scots  law  may  be 
borrowed  and  verdicts  of  "not  guilty,"  '  not  proven,"  and 
"guilty"  be  returned.  The  figures  in  the  table  show  that, 
if  this  view  be  accepted,  26  per  cent,  of  these  cases  must 
be  regarded  as  possible  transmitters  of  contagion.  These 
considerations  emphasize  above  all  things  the  great  need 
for  care  during  and  imaaediately  after  the  primary  attack. 
The  first  step  towards  the  prevention  of  an  epidemic 
must  be  one  that  obviates  the  develop cnent  of  a  class 
of  incomplete  convalescents.  To  this  end  no  method  of 
treatment,  local  or  general,  should  be  omitted.  During 
early  convalescence  the  same  care  should  be  taken  as 
daring  the  attack.  The  consistence  of  the  stools  should 
be  watched,  and  Widal's  tests  be  performed  from  time  to 
time.  Until  the  results  of  these  observations  be  satis- 
factory, these  persons  must  not  be  allowed  to  mingle  with 
their  healthy  fellows.     Persons  that  have  already  come 


unrler  the  heading  of  incomplete  convalescence  mnst  be 
strictly  isolated,  while  means  should  be  taken  to  discover, 
if  possible,  and  eliminate  the  focus  of  infection.  Members 
of  the  second  group  should  be  domiciled  in  a  separate 
block,  if  possible,  and  it  is  superfluous  to  add  that  no 
laundry  or  kitchen  work  should  be  assigned  to  any  such 
suspected  persons. 

The  conclusions,  put  very  briefly,  are : 

1.  That  healthy  carriers  are  very  rare,  and  of  no 
importance. 

2.  That  the  actual  carriers  are  to  be  found  among  the 
incomplete  convalescents,  which  form  a  high  proportion  of 
the  cases. 

3.  That  in  combating  an  epidemic  it  is  necessary  to 
reduce  as  far  as  possible  the  number  of  such  cases,  and  to 
isolate  very  strictly  those  that  are  already  of  this  type. 
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THE  PHYSIOLOGICAL  MECHANISM  OF  ANAPHY- 
LACTIC SHOCK.— A  PPELIMINAKY 
COMMUNICATION/ 

A  SUMMARY. 

By  Wilfred  H.  Manwaring,  M.  D. 

(Froyn  the  Institute  of  Physiology,   University  College,  London, 
and  the  Lister  Institute  of  Preventive  Medicine.) 

The  development  of  the  science  of  immunity  has  thus  far  [2751 
been  mainly  in  the  hands  of  investigators,  interested  in  the 
bacteriological,  chemical  and  commercial  aspects  of  the  sub- 
ject. The  study  of  serum  phenomena  in  their  broader  rela- 
tionships, particularly  the  determination  of  the  deeper- 
seated  physiological  reactions,  of  which  the  serum  changes  are 
conceivably  but  superficial  indices,  are  parts  of  the  subject 
thus  far  largely  neglected.  Yet  it  is  probable  that  it  is  mainly 
through  the  development  of  this  broader  sero-physiology  that 
are  to  come  the  important  practical  results  of  the  future. 

As  an  introduction  to  a  series  of  such  sero-physiological 

^  Presented  before  the  American  Association  of  Pathologists  and 
Bacteriologists,  Washington,  D.  C,  May  4,  1910.  Summarized 
from  the  Zeitschrift  f.  Immunitdtsforschung,  1910.     (In  press.) 
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to  the  important  suggestions  of  Professor  Starling,  and  to  ex- 
press my  thanks  to  his  associates  in  the  Institute  of  Physiology, 
for  their  cordial  encouragement  and  criticism,  that  have  lent  so 
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1275]  studies,  I  have  chosen  to  investigate  certain  features  of  the 
physiology  of  anaphylaxis.  The  assumed  importance  of 
anaphylaxis,  in  the  development  of  the  theory  of  immunity, 
and  the  ease  vrith  which  this  phenomenon  is  studied  by  the 
simpler  physiological  methods,  have  influenced  this  selection. 

Certain  phases  of  anaphylactic  physiology  have  already 
been  studied.  Thus  Besredka,  Gay,  and  others  have  applied 
sera  directly  to  the  central  nervous  system  and  nerve  trunks ; 
Biedl  and  Kraus,  Pierce  and  Eisenbrey,  and  others  have  in- 
vestigated certain  of  its  vasomotor  features;  while  Auer  and 
Lewis  have  called  attention  to  important  respiratory  mani- 
festations. It  is  the  aim  of  the  present  paper  to  carry  the 
physiology  of  anaphylaxis,  back  of  the  phenomena  studied  by 
these  investigators,  to  what  I  believe  to  be  the  primary  ana- 
phylactic mechanism,  a  reaction  of  the  tissues  and  organs 
concerned  in  protein  digestion  and  assimilation. 

The  work  herein  reported  is  part  of  a  rather  ambitious 
anaphylactic  study,  involving  the  use  of  cats,  dogs,  rabbits, 
guinea  pigs,  frogs,  turtles,  and  other  forms.  Dogs  were  found 
most  suitable  for  the  phases  of  the  work  dealt  with  in  this 
paper,  and  form  the  basis  for  this  preliminary  communica- 
tion. 

These  dogs  were  sensitized  by  an  initial  subcutaneous  in- 
jection of  horse  serum,  1  cc.  to  2  cc.  per  kilo,  of  body  weight, 
and  were  studied  about  18  days  later,  under  morphine-chlo- 
roform-ether anaesthesia.  The  anaphylactic  shock  was  in- 
duced in  these  animals  by  an  intravenous  injection  of  dilute 
horse  serum,  the  most  frequently  employed  dose  being  10  cc. 
of  25  per  cent  serum. 

As  an  introduction  to  this  work,  numerous  respiratory, 
blood-pressure,  and  plethysmographic  tracings  were  made, 
nerve  trunks  were  sectioned,  electrical  reactions  studied,  as 
well  as  reactions  to  therapeutic  agents.  This  part  of  the  work 
confirmed,  in  the  main,  the  results  of  previous  investigators, 
though  my  data  led  me  to  look  upon  the  anaphylactic  shock 
in  dogs  as  physiologically  more  complex  than  Biedl  and  Kraus 
[276]  have  assumed.  This  part  of  the  work,  however,  was  inter- 
rupted, as  soon  as  it  was  discovered  that  all  of  the  phenomena 
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with  which  I  was  dealing  were  apparently  but  sccondarv  and  1276| 
tertiary  manifestations  of  a  deeper-seated  primary  reactirni. 

This  discovery  came  from  attempts  to  locate  the  anaphy- 
lactic material  in  the  body.  It  was  shown  that  a  cross 
circulation,  continued  for  about  five  minutes,  between  an 
anaphylactic  dog  and  a  normal  dog,  usually  confers  im- 
mediate anaphylactic  properties  on  the  normal  animal. 

This  proves  that  part,  at  least,  of  the  material,  formed  in 
response  to  the  initial  serum  injection,  responsible  for  the 
subsequent  anaphylactic  condition,  exists  in  the  circulating 
medium.  That  the  circulating  fluid,  however,  is  not  the  only 
store  of  this  material,  is  shown  by  experiments,  in  which  the 
blood  of  an  anaphylactic  dog  is  washed  out  and  replaced  by 
normal  blood.  Although  such  an  animal  is  left  with  but 
negligible  traces  of  its  original  circulating  anaphylactin,  never- 
theless it  may  now  react  strongly  to  a  serum  injection. 

The  amount  of  normal  blood  used  in  these  experiments  was 
so  great,  and  the  washing-out  process  was  extended  over  so 
long  a  period  of  time,  that  it  is  believed,  not  only  that  the 
circulating  anaphylactin  was  completely  washed  out,  but  that 
the  anaphylactin  existing  in  the  tissue  spaces  was  also  removed. 
It  would,  therefore,  be  logical  to  look  upon  the  non-circulat- 
ing anaphylactin  as  probably  existing  in  combination  with 
fixed  body  cells,  presumably  held  in  those  cells  in  which  it 
was  originally  manufactured. 

In  many  cases,  however,  a  simple  cross  circulation  between 
two  dogs  fails  to  confer  anaphylactic  properties  on  the  normal 
animal,  although  the  sensitized  animal  may  be  shown,  by  a 
subsequent  test,  to  be  highly  anaphylactic.  This  could  be 
very  easily  accounted  for  by  assuming  the  absence  of  a  suffi- 
cient amount  of  circulating  anaphylactin  in  the  sensitized 
animal  to  transfer  the  hypersensitive  condition,  were  it  not 
for  the  fact  that  occasionally  a  dog  which  in  itself  has  ap- 
parently failed  to  develop  anaphylactic  properties  after  the 
initial  injection,  since  it  gives  no  reaction  on  a  subsequent 
serum  test,  is  nevertheless,  capable  of  conferring  strong,  im- 
mediate anaphylactic  properties  on  a  normal  dog,  by  such 
simple  blood  transference. 

These  facts  have  led  me  to  assume  that  the  anaphylactin 
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[2761  was  not  the  only  factor  determining  the  shock.  According  to 
this  assumption,  the  reaction  would  take  place  only  when  the 
anaphylactin  is  supplemented  in  its  action  by  certain  necessary 
conditions  in  the  reacting  tissues. 

This  view  is  strengthened  by  numerous  transfusion  experi- 
ments. Thus  an  anaphylactic  dog,  after  recovering  from  the 
shock  of  one  serum  injection,  is  for  some  time  insusceptible 
to  a  second  serum  dose.  Nevertheless  the  blood  of  this  ani- 
mal, transferred  to  a  normal  dog,  may  confer  on  the  latter 
immediately  anaphylactic  properties.  Furthermore  a  dog 
rendered  anaphylactic  by  transferring  to  it  the  blood  of  a 
sensitized  animal,  will,  after  reacting  to  one  serum  injection, 
remain  insusceptible  to  a  second  serum  dose,  even  after  its 
blood  and  the  waste  products  of  the  reaction  have  been  thor- 
oughly washed  out  and  replaced  by  a  fresh  supply  of  anaphy- 
lactic blood.  The  reacting  tissues  have  apparently  become 
refractory. 

To  determine  which  tissues  cooperate  with  the  anaphy- 
lactin in  producing  the  shock,  a  large  amount  of  work  was 
planned  with  isolated  organs.  The  problem,  however,  proved 
easier  of  solution  than  anticipated.  If  temporary  ligatures 
are  placed  about  the  aorta  and  vena  cava,  above  the  dia- 
phragm, the  upper  half  of  the  anaphylactic  body  will  not 
react  to  a  serum  injection.  The  supra-diaphragmatic  tissues 
and  organs,  therefore,  are  not  primarily  concerned  in  ana- 
phylaxis. This  rules  out  at  once,  the  central  and  peripheral 
nervous  systems  and  nerve  endings,  the  cardio-vascular  and 
pulmonary  mechanisms,  the  connective  tissue,  lymphatic  tis- 
sue, smooth  and  striped  muscle  as  being  part  of  the  primary 
mechanism. 

On  now  releasing  these  ligatures,  allowing  the  serum  to 
pass  below  the  diaphragm,  a  typical  shock  may  develop.  The 
primary  mechanism  in  the  dog  is  therefore  sub-diaphragmatic, 
and  is  presumably  to  be  sought  among  the  sub-diaphragmatic 
tissues  not  represented  above  the  diaphragm.  This  confines 
our  search  at  once  to  the  abdominal  viscera. 

A  removal  of  the  intestines,  from  the  pylorus  to  the  rectum, 
with  the  attached  pancreas,  does  not  prevent  the  shock.  A 
further  removal  of  the   stomach,   kidneys,  spleen,   adrenals, 

'4) 


ovaries,  and  uterus,  all  oi"  which  can  be  done  in  dogs  without  ia76j 
interfering  with  the  hepatic  artery,  does  not  prevent  it.     We 
are,  therefore,  forced  to  conclude  that  the  essential  primary 
organ,  is  the  only  remaining  abdominal  viscus,  the  liver. 

Confirmatory  proof  of  the  hepatic  origin  of  the  anaphy- 
lactic shock  is,  however,  difficult.  Attempted  removal  of  the 
liver  usually  throws  dogs  into  such  profound  surgical  shock, 
as  to  render  them  useless  for  subsequent  anaphylactic  tests. 
Methods  were,  therefore,  sought  to  ligate  off  the  liver,  without 
interfering  with  the  circulation  in  other  organs.  As  a  pre- 
liminary to  such  attempts,  it  was  shown  that  rendering  dog's 
blood  non-coagulable  by  defibrination,  or  by  the  use  of  leach- 
extract  (hirudin),  does  not  destroy  the  animal's  anaphylactic 
properties. 

If  the  intestine  is  removed,  so  as  to  eliminate  the  portal 
circulation,  and  if,  after  the  injection  of  hirudin,  a  T-canula 
is  now  placed  in  the  abdominal  vena  cava  leading  to  the  ex- 
ternal jugular,  the  liver  can  be  readily  excluded  by  simple 
ligatures.  Anaphylactic  dogs,  thus  partially  eviscerated,  do 
not  react  to  a  serum  injection.  On  releasing  the  ligatures, 
allowing  the  blood  once  more  to  pass  through  the  liver,  a 
shock  may  develop. 

This  operation,  although  it  establishes  the  hepatic  origin 
of  the  anaphylactic  reaction,  does  not  prove  that  the  liver 
is  the  only  primary  organ  concerned.  Such  proof  could  only 
come  from  excluding  the  liver  from  animals  in  which  the 
intestine  is  intact.  By  placing  an  additional  canula  in  the 
portal  vein,  carrying  the  portal  blood  also  to  the  external 
jugular,  this  purely  liver  exclusion  can  be  effected. 

Of  the  six  successful  positive  experiments  of  this  nature, 
four  animals  gave  no  shock  with  the  ligatures  closed,  but 
developed  reactions  on  their  subsequent  release.  Two  of  the  1277] 
animals,  however,  gave  slight  shocks  with  the  liver  excluded. 
We  are,  therefore,  forced  to  conclude  that,  in  hirudinized 
animals  at  least,  a  non-hepatic  shock  is  possible,  from  which 
we  must  look  upon  the  intestine  with  the  attached  pancreas, 
as  constituting  a   second,  primary  anaphylactic   mechanism. 

That  the  liver  and  intestine,  however,  are  not  the  only 
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[277]  organs  primarily  concerned  in  anaphylaxis,  is  shown  by  cer- 
tain modifications  of  the  above  experiments.  In  the  partially 
eviscerated  animals,  and  in  the  supra-diaphragmatic  half  of 
the  intact  animal,  in  which  no  reaction  takes  place  on  a  seriim 
injection,  it  was  above  stated  that  a  shock  might  develop  on 
releasing  the  ligatures.  It  was  not  stated,  however,  that  this 
reaction  would  always  take  place. 

If  the  ligatures  are  kept  closed  but  two  or  three  minutes 
after  the  serum  injection,  a  shock  usually  results.  If,  how- 
ever, the  ligatures  are  not  released  till  a  later  period,  no  shock 
develops,  although  a  second  serum  injection  now,  with  the 
ligatures  open,  will  give  a  typical  reaction. 

This  shows  that  there  is,  either  in  the  blood  itself,  or  in 
the  non-reacting  fixed  tissues,  an  efficient  mechanism  for  the 
destruction,  elimination,  binding,  or  for  otherwise  rendering 
the  injected  serum  anaphylactically  inactive.  That  this  anti- 
anaphylactic  mechanism  is  probably  not  wholly  situated  in 
the  blood  itself,  is  indicated  by  experiments,  in  which  a 
sufficient  serum  dose  was  mixed  with  drawn  blood,  the  mix- 
tures defibrinated,  and  reinjected  about  ten  minutes  later. 
On  this  reinjection  a  shock  developed. 

Which  of  the  fixed  body  cells  cooperate  with  the  blood  in 
producing  this  anti-anaphylactic  effect,  I  have  not  as  yet  at- 
tempted to  determine;  but  work  is  being  planned  under  the 
hypothesis  that  the  capillary  endothelium  is  the  principal 
tissue  concerned  in  this  action. 

I  believe  I  can  best  summarize  the  view  of  anaphylaxis 
necessary  from  the  above  work  by  defining  the  acute  anaphy- 
lactic reaction  in  dogs  as  an  explosive  auto-intoxication  of 
hepatic  and  intestinal  origin,  which  auto-intoxication  is  modi- 
fied, inhibited  and  overcome,  by  a  more  or  less  efficient  anti- 
anaphylactic  mechanism,  part,  at  least,  of  which  is  situated 
in  other  organs. 

As  to  the  nature  of  this  hypothetical  auto-intoxication, 
whether  it  consists  of  split  or  conjugation  products  of  the  in- 
jected proteid,  of  liberated  hepatic  or  intestinal  enzymes,  of 
an  unusual  amount  of  the  normal  internal  secretion  of  these 
organs,  or  of  a  special  internal  secretion  peculiar  to  anaphy- 
laxis,  can   only   be   determined,   after   extensive   histological, 
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chemical  and  bio-chemical  studies.    The  facts  at  present  at  our  [377] 
command  do  not  warrant  the  formation  of  even  a  working 
hypothesis  on  this  point. 

I  believe,  however,  that  the  facts  above  presented  have  a 
broader  bearing  on  serum  theory  than  their  meaning  in  ana- 
phylaxis. The  anaphylactic  material  in  the  body  clearly  has 
its  meaning,  largely  in  terms  of  the  functional  activities  of 
certain  fixed  body  cells  with  which  it  cooperates.  It  is  possible 
that  the  other  substances  with  which  we  have  been  dealing  in 
serology,  such  as  the  precipitins,  the  antitoxins,  and  the  like, 
are  also  more  complex  in  their  reaction  than  usually  assumed, 
and  involve  the  cooperation  of  numerous  fixed  tissues.  Should 
this  be  true,  it  would  necessitate  a  revision  of  practically  all 
our  present  serum  concepts. 
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